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Preface

i
The U.S. Army Acromedical Resecarvch Laborvatory (USAARLY is o 3
Class 11 medical rescarch laboratory of the U.s. Army Medical ﬁ
Rescarch and Development Command (USAMRDU) | Ofyice of The {

Surgeon General,  USAARL is a tenant orzanization at the
United States Army Aviation Center, Fort Rucker, Alabuma.

The USAARL was established in 1962 to accomplish rescarch in
support of the Army aviation community and airborne activitics.
Additional mission arcas were added to the laboratory and trans-
ferred at the closing of the Fort Knox laboratory in 1974 and are
reflected in the mission statement.  The laboratorv's mission has
expancd cven further in recent vears to include the asscessment

of the medical impact of advanced armor and artillery weapons
systems and other nonmedical matericel.

The U.S5. Army Aviation Center, with its large concentration of

human and cquipment resources, provides our laboratory pervsonncl }
with an idecal environment in which to remain abreast of Army ]
aviation deveclopments. In turn we can provide the expertisce carly ’

on in the development stages as well as provide immediate and
direct support to deal with operational problems that mayv arisc.

Other activities concerned with aviation research and development
are in close proximiry to USAARL.  Together these organizations
form the U.S. Army Aviation Center Team.

USAARL maintains c¢lose liaison with aviation medicine rescarch
laboratories of other U.S. Armed Forces as well as those from the
civilian community. Assistance and cooperative efforts with
other agencies enhance the rescarch cofforts of all the agencies

. concerned,

USAARL also maintains close coovdination with forcign governments
of NATO countries on aviation medicine matters through its in-
volvement with the Advisory Group for Acrospuace Rescarch and
Development (AGARD), a NATO organization,

USAARL's rescarch is recognized internationally by the opera-
tional and acromedical communitics. The men and women at USAAR]L
take pride that their work is predicated on the needs of the
soldicr, and thut the answers and solutions provided are relevant
and timely to the operational neceds of soldicers,




Mission Statement

Participates in the preservation and enhancement of

the health, safety, combat effectiveness, and surviv-
ability of the soldier. Conducts life sciences re-
search, development, test, and evaluation in health
hazard prevention technologies and aviation medicine
concerning human tolerance, survivability, and combat
crew effectivencess related to combat vehicles, weapons
systems, and operations. Develops, maintains, and
applies minimum bases and technologies nceded to cos-
tablish human tolerance and exposure relationships for
fire, noise, vibration, impact, and optical hazards,
and, complementing other USAMRDC elements, physiological
and psychological stressors. Develops and validates
technologies for assessment of and protection from
these hcalth hazards. Validates those relationships

in order to recommend cxposurc and health effects cri-
teria. Assembles and maintains the psychophysiologic
data base required to define operational envelopes for
crew safety and effectiveness for Army aviation, combat
vehicles, and parachuting. Develops health criteria
for associated protective and life support systems.
Conducts an active information transfer to health policy,
combat and materiel developers, test and evaluation
agencies, human factors agencies, and the aviation
medicine community.

o
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Introduction

The overall research effort of the U.S. Army Aeromedical Research
Laboratory has two general objectives: enhancement of individual
soldier and combat c¢rew performance and efficiency, and prevention
of injury or death in the military operational environment.

These objectives are predicated on the assumption that the in-
dividual soldier is the most valuable resource to the Army; that
future battles will be fought with high technology weapons in
violent, sustained operations under all conditions; that the
occupation of soldiering is inberently dangerous during war hut
should not be so during peace; and that apart from disease the
most common cause of a soldier's acute and chronic incapacitation,
injury, and death is caused by the technology of war and its
weapon systems.

USAARL addresses these research objectives through identification,
investigation and solving of medical and health related problems
not only associated with aviation and airborne activitiecs, but
also to combat land vehicles and their crews and other combat
weapons systems and environments as directed. Most of our re-
search falls within the broad areas of physiological optics; the
psychophysiologic aspects of combat crew workload and performance;
bio-mechanics of closed, direct head trauma; the psychophysiology
and physics of acoustics and communication; the clinical, ortho-
pedic and biomechanical effects of long term vibration on the
musculoskeletal system; and hecalth hazard assessment of weapon
systems, selected aviation doctrine, and opecrations.

USAARL's new mission statement approved in April 1979 reflects
the continual alignment of USAARL capabilities with the Army
Scientific and Technical Objectives Guide, Army requirements,
and Medical Research and Development Command strategices and goals.
It clecarly identifies the Army soldier, operator, developer,
designer, and tester as the primary user of the USAARL R§D pro-
duct. Tasking USAARL to support the soldier during his training
for and the actual execution of his combat duties by improving
his tolerance and survivability to health hazards brings the
laboratory's full preventive medicine potential to bear on the
problems associated with war and its weapons through the 9o's.
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This report gives an overview of USAARL during FY 79, identifies
current areas of research and gives a brief description of the

research programs,
work is done are in Appendix A.

This report is prepared to fulfill the requirements of 07SGC
Regulation 70-31.

The DA 1498's under which this research
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The United States Army Medical Research and Development Command
in 1978 instituted some insightful and important management
changes that were destined to have far-reaching effects on
command goals, laboratory objectives, and management techniques.
Congressionally mandated programs influencing fiscal and equip-
ment accountability as well as policies related to zero-based
budgeting were felt at the bench researcher's level within
laboratories.

To meet these challenges the first major reorganization of the
laboratory began in February 1978. Reorganization into corporate,
functional and scientifically multidisciplinary lines was com-
pleted in October 1978. A manpower survey in October 1978 with a
new TDA and complete position analysis completed in June 1979

has channeled the laboratory's resources to more effectively
execute the mission.

As new weapons systems, aircraft, armored vehicles, and individual
equipment items have been introduced into the soldier's inventory,
it has become evident that the USAARL research process is not

only applicable but vital and essential to the solution of
operational problems in other work environments besides aviation.
This is reflected in the laboratory's involvement in the advanced
combat vehicle programs, artillery systems, personal clothing

and equipment, the DA life support and personal protective equip-
ment programs, and many bi- and tri-military service technology
and information exchange panels.

Navy and Air Force personnel are assigned to USAARL to work in
areas considered vital to the Navy and Air Force but not being
duplicated in their own laboratories.

Promulgation of standards of regulatory agencies for Army-unique
situations is based on available information, often inadequate
to support rational standards. Some health and engineering
design standards with health implications have been fielded as
DA policy, but without adequate or essential test criteria,
instrumentation technology and methodology for assessment.
Assessment technology in the area of effects on soldier per-
formance is sorely lacking.
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Current policies, criteria and standards for most of the insults
to human tolerances do not exist, or are based on exposures -
expected in the industrial work place rather than in combat or %
combat training. Without a dedicated research effort to address
Army-unique problems, data bases for equally unique standards
will not be forthcoming, and the field fighting potential of
future crew-operated weapons may not be realized because of un-
realistic regulatory constraints on design or training, or both. R

The laboratory reorganization has organized our research efforts
into programs rather than individual projects. Participation

in these programs crosses disciplines and requires the diverse
contributions of each discipline. This approach enables us to [
acquire a data base from which to assess the health hazards.
We are able to determine appropriate test criteria, instrumentation

| technology and methodology for assessment. [
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technologies are the principal products of this program approach.
These products contribut to the assessment of risk, prevention {
to insult, and rapid diagnosis. f%

Health and performance effects relationships and analytical di
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Personnel Strength

Civilian
n Officer EM Perm.|Temp.  Co-0p Total
AUTHORIZED 29 38 510 0 122
ACTUAL 0 35 §3 ] 12 [} 124
8
AUTHORIZED 30 38 6610 0 134 1
ACTUAL 29° 32* 55] 5 1 129
19
AUTHORIZED 30 46 65] 0 0 142
i ACTUAL 29 0 551 8 9 41
“Includes one Navy officer and one Signal Corps officer.

**inciudes one Air Force sergeant.
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Personnel Resources

USAARL has undertaken a vigorous and dynamic personnel program
with clements that have far reaching impact on -augmenting exist-
ing resources and planning for the future.

Establishment of an undergraduate cooperative education program,
graduate fellow program, one-on-one scientific enlisted recruit-
ment program for the laboratory's 21 specialty categories, and
an aggressive initiative to recruit investigators have paid
handsome dividends. An increase in enlisted strength, full
utilization of co-op students, and temporary hires have helped
satisfy USAARL's historically severely decremented personnel
resources.

USAARL continued its support of upgrading the skills of assigned
personnel by having 42 persons receive training and professional
development during FY 79. In addition, twenty persons attended
classes in off-duty hours to further their career goals and
upgrade job skills. 1In FY 79 two enlisted persons completed re-
quirements for their bachelor degrec through off-duty study.

Six military personnel are enrolled in Command and General Staff
College non-resident programs.

This past fiscal year USAARL provided an opportunity for inter-
ested personnecl to increase their job skills and earn college
credit through a lunch period course in medical terminology.
This course was taught at USAARL and 21 persons attended; 8 were
from the laboratory. The lunch period course was a pioneer
effort at Fort Rucker and led to lunch period courses being
offered postwide. Two members of the laboratory are continuing
their education through those courses.

Contributions to the academic community are made by five labora-
tory personnel who hold adjunct or temporary teaching positions
at four colleges and universities within the area.

Among the laboratory's personnel there are 20 doctorate, 23
master, and 23 bachelor degrees.

During FY 79, 8 of the 20 first term personnel assigned to USAARL
have reenlisted or extended their tours of duty for a total of 11
years 4 months. There were 4 years 10 months and 56 days of ex-
tensions or reenlistments for career personnel,

]







Co-op Program

A bold venture to establish an undergraduate cooperative
education program and a graduate fellow program began in carly
FY 78. Recruitment efforts have succceded. The first student
arrived at USAARL in December 1978.

The objective of establishing this program was to assist the
universities in developing students with practical as well as
academic knowledge in their major field of interest--which makes
the student more valuable to a potential employer; to furnish
primary investigators with able research assistants; and to
assure that there are especially trained personnel available to
fill entry-level career positions in the field of Army acro-
medical research.

We work with 16 universities to recruit students and to assure a
satisfactory working relationship for both the student and the
laboratory. During FY 79 we had a total of 17 undergraduates
and 3 postgraduate fellows contributing 8.08 man-years of time
to the laboratory's rescarch efforts.

intern Program

|
The laboratory has one optical physicist intern position. The i
position was filled through competitive placement at the GS-07 :
level in FY 79. A training program was developed which specified
both outside formal training and on-the-job training. By assist-
ing with projects going on under the vision program, the intern
will meet the on-the-job requirements and be providing productive
work to the research effort

Federal Women's Program

USAARL supports the Federal Women's Program (FWP) by appointing

a laboratory FWP manager. The USAARL FWPM acts as the laboratory
representative to the Fort Rucker Federal Women's Program
Committee.

In addition, the USAARL librarian, Ms. Sybil Bullock, serves as +
Fort Rucker's Fedrral Women's Program Manager. Ms. Bullock was ¢
elected in October 1978 by the FWP Committee to fill the post of i
Fort Rucker FWPM for two years. This is the first time a member ’
of any of the twenty tenant activities has been chosen for this
position. Twenty percent of Ms. Bullock's time is allocated to
this duty.

11







Personnel Achievements

No. Presented

Civilian Awards

Outstanding Performance 30
Quality Step Increase Q
Sustained Superior Performance 3 !
Letters of Commendation 20 "

Military Awards

pom. ey

Meritorious Service Medal 5
Army Commendation Medal 5 :
DA Certitficate of Achicvement M
Letters of Commendation 20
Promotions
Officer 3
Enlisted 21
Civilian 1

Special Recognition

Major Lawrence R. Whitehurst Diplomate, American Board !
of Family Practice

SPS Pamela M. DiGennaro USAARL Soldier of the Year

Mr. John H. Hapgood Patent
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Contracts

Tile: Spatial Resolution Thresholds buring the Course of Dark
Adaptation

CONTRACT NG« C-7007-00-7888
CONTRACTOR: Texas Tech University School of Medicine,

fubbock, Texas
INVISTIGATOR: Perry Speros
Objective: The objective is to determine the visual capability of
aircrew at different times during recovery from image intensifier
adaptation.
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Tile: Night Vision Performance in Detection and Identification of
Moving Targets After Glare

CONTRACT NO: C-7055-0D-7887

CONTRACTOR: Optical Sciences Group, Inc., Visual Science
Division, 24 Tiburon Street, San Rafael,
California

INVESTIGATOR: A. J. James

Objective: This research is needed to identify vision environments
which can be expected to maximize or minimize personnel perfor-
mance at night in continuous military operations. It is vital

to know the degree of impairment of detection produced in air-
craft and equipment operators exposed to environmentally relevant
levels of photostress.

Title: Inner Ear Histology Techniques

CONTRACT NO: Q-7456-0D-7888

CONTRACTOR: Bio-Acoustics Laboratory, Syracuse Univer-
sity, Syracuse, New York

INVESTIGATOR: Roger P. Hamernik

Objective: The object of this research is to evaluate the inner
ears of 16 chinchillas for loss of sensory cells after chronic
exposure (in-house) to continuous noise.

Title: Auditory and Non-auditory Effects of Exposure to Low
Frequency Noise

CONTRACT NO: Q-9017-0D-7891

CONTRACTOR: Department of Otolaryngology, Medical
University of South Carolina, 171 Ashley
Avenue, Charleston, South Carpolina

INVESTIGATOR: John H., Mills

Objective: The hearing threshold shift information derived from
this study will provide data on humans that will be obtained on
animal models exposed to the same bands of low-frequency noise.
This will enable validation of the animal model data pertaining
to the effects on hearing of exposure to the types of noise to
which aromor crewmen are exposed. Similar bands of noise are
produced at comparable intensity levels by the current generation
of armored vehicles (e.g., MICV).
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Title: Cochlear Microphonic Response to Low Frequency Noise

CONTRACT NO: C-8067-0C-7886
CONTRACTOR: University of VFlorida, Gainesville, Florida
INVESTIGATOR: Donald Teas

Objective: Many military vehicles, particularly those found in
armor, produce high intensity noise which is predominatly low
frequency. The objective of this study is to explore the
mechanism of noisc induced hearing loss exposure to high inten
sity, low frequency noise.

Title: Simula 11

CONTRACT NO: DABTO1-79-C-2050-1
CONTRACTOR: Simula Inc., 2223 S. 48th Street, Tempe,
Arizona

INVESTIGATOR: Stanley P. Desjardins

Obijective: Phase 11 in the requirement to develop crashworthy
earcups for the SPH-4 Army aircrewman helmet.

Title: liffects of Visibility

CONTRACT NO: DABTO1-79-C-0312-1

CONTRACTOR: Institute of Medical Sciences, Smith-
Kettlewell Institute of Visual Sciences,
2200 Wehster St., San Francisco, California

INVESTIGATOR: Anthony Adams
Gunilla Hlaegerstrom-Portnoy

Objective: Investipate spatial, temporal and retinal eccentricity
effects on visibility in the dark-adapted eve,
Title: Material Characteristics
CONTRACT NO: DABT01-79-C-0045-1
CONTRACTOR: Auburn University, Auburn, Alabama
INVESTIGATOR: Dr. Warton Jemian

Objective: Rescarch into the optimum characteristics of matcerials
for hecad protection during impact.
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Title: Multiaxis Impact Experiment on Volunteers

CONTRACT NO: ARL-MIPR-2-79 (DD 448)

CONTRACTOR: USN Aerospace Medical Research Laboratory
(Mischqud Station), Pensacola, Florida

INVESTIGATOR: Dr. Channing Ewing

Objective: This Tri-Service project was undertaken to measure

kinematic response of critical anatomical parts of volunteers
undergoing impact.

Title: Mechanisms of Human Injury

CONTRACT NO: ARL-11-79 (DA 2544)

CONTRACTOR: Applied Technology Laboratory, USA Research
and Technology Laboratory, Ft. Eustis,
Virginia

INVESTIGATOR: Dr. Albert King and George Singley, 111

Objective: This work is done in support of the Tri-Service human
tolerance investigation. The objective is to detcrmine the
mechanisms of human injury when deceleration occurs in a crash-
worthy crew seat. This subcontract is part of a Tri-Service
supported contract, Human Body Ejection Scat Dynamics, being con-
ducted at Wayne State University School of Medicine. Executive
agent for the Wayne State study is the USAF Acrospace Medical
Laboratory, Wright Patterson AFR, Ohio.
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USAARL’'s New Facility

Progress
Date Of Contract 28 April 1978
Ground Breaking 2 May 1978
Construction Began 12 May 1978
Size 116,620 sq. ft.
Cost $7.5 million (final estimate)
Estimated Completion September 1080
Number of Construction
Personnel on Site 85 {average)

Laborarory Features

Anechoic Chamber Machine & Fabrication Shop
Animal Surgery Optics lLaboratory
Biochemistry Laboratory Photography & Graphic Arts
Biomedical Maintenance Shop Scientific Information Center
Drop Tower Sound Rooms

Electronics Shop Vibration Laboratory

Flight Simulators Vivarium

Hybrid Computer Center
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Scientific Programs

The effective management of a scientific rescarch laboratory with
a broad mission and limited resources requires continuous cval-
uation. New thrusts are constantly under consideration by the
laboratory and are based on input from the mission area manager,
interservice discussion, international meetings, and threat
intelligence. 1In FY 79 the work units were divided into cight
scientific programs which facilitate local management and demon-
strate current thrusts to others interested in our work. The
programs are scicentifically multidisciplinary and managerially
cross functional organizational boundaries.

The three DA 1498's terminated during FY 79 were:

Biomedical Research in Support of Advancing Military
Operations, program clement 6.27.73.A, project number
3E162773A819, work unit 0l1.

Evaluative and Consultative Biomedical and krgonomic Support
to Svstems Development Programs, program element 6.27.73.A,
project number 3E162773A819, work unit 012.

Retinal and Extra-Retinal Factors in Visual Acquisition,
program element 6.11.01.A, project number 3A161101A91C,
work unit 293.

*Begun in FY 79 was work under DA 1498, Combat Vehicle Crewman
{CVC) Helmet--Impact and Acoustical [valuation, program clement
6.37.45.A, project number 1L263747D669-32-004, work unit 05].

¥Asterisks denote contract or reimbursable projects and as

such are not reported on DA Form 1498 through DTIC Data Bank.
USAARL uses the DA Form 1498 for internal control and infor-
mation; therefore these DA Form 1498's are included in Appendix
A but without the DA Accession Number.

21
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Acoustics Program

Background: The development of propellant charges enabling
greater ranges for conventional artillery systems create impulse
noise levels far in excess of any nreviously encountered or
studied. Information available in high-intensity impulse noise
is very minimal. Civilian agencies are not involved in high-
level impulse noise rescarch because it is a uniquely military
problem due to levels and spectral characteristics of impulses.
Armor vehicle technology hus led to lightweight, high speed com-
bat vehicle which generate high-intensity, low-frequency noise
in crew areas. The high-intensity, low-frequency noise inter-
feres with communications and may exceed the capabilities of
hearing protective devices to provide the needed levels of atten-
uation. The loss of this capability results in crew exposure to
potentially haczardous intensity levels of low-frequency noise.
High-intensity, low-{frequency noise has been recognized by USAARL
as a potential hazard. High speed operational requirements re- :
sult in crew vibration which may synergistically interact with :
low-frequency noise and impulse noise producing greater ha:zards i
to hearing.

Objective: The acoustic program objectives are to: (1) deter-
mine the health hazards of the acoustic environment of new
generation weapon systems such as M-198, M-109, X-M1, X-M2,
X-M3, and HSTV(L); (2) determine biomedical tolerance limits for |
combat crew to impulse noise, steady-state low-frequency noise, '
vibration, and synergistic combinations of these; and (3) l
develop risk-criteria for crew protection, criteria for improved ‘
hearing protective devices without communication impairment or
acoustic hazard, and assessment technology.
l
|

I
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Achievements: USAARL has established that low-frequency
noise induces a high-trequency heaving toss,  The noise levels
around new genceration artillery weapons have been gquantificed,

A hasic rescarch program on impulse noise has been initiated.

New microphones and radio systems were oevaluated: and tfeasibility
studies of physical car attenuation testing were vonducted.

Projects: Rescarch etfforts continue to accumulate data with
which to validate or modity existing damaee risk criteria for
steady wtate Tow trequency neise and steady <tate low trequency
nedse i combination with vibration and impulse noisce.  Work will
continue on devetoping methodology tor the eftficient and rapid
assesament of effective eaposure levels for new hearing protec
tive devices.  Basic rvescarch programs to develop a new Damage
Riskh Criterion (DROYV tor impulsce noisce are being developed.

DD 1498s: ¢ D1 [d9ss under which the work for this progran
15 carricd on arer (Scee op. o h0-590)

Military Acoustic Hazards: Mechanisms of Hearving loss;
program element o 0 0200, project number 3 TollalRser,
work unit number 00,

Nedical Assessment of Hearine Protective Devices: program
clement o 2707300, prodect number STTO2773A819, work unit
number 0500 and program clement o P 020N, projoect number
SETOTTOZBSOT 0 work unit number 003,

*Combat Vehicle Crewman (CVC) Helmet--Impact and Acoustical
Lvaluation; program clement 0.37.47.0, project number
[L203747ho0a9-32-004, work unit number 051,

*Medical Fitfects of Rlast Overpressure; program clement
0,277,733, project numbers 3ETO2IT3IASEY and 3E02TT3AS1S,
work unit number 041,

o (See page 210
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Visual Physiology and
Psychophysics Program

Background: The human visual system is one of the primary medans
by which information is acquired in the military operational en-
vironment. An efficient transfer of information to the human

visual system of the cquipment operator is vital in a mechanized
socicty., Information concerning the capabilities and limitations
of the human visual system and the impact on visual performance
of military operations, cnvironment, and equipment is required

to ensure that information is cfficiently transferred.

Objective: The visual physiology and psychophysics program
goals are to: (1) develop a data basce of luminance, contrast,
and motion parameters affecting human spatial visual capability
in order to optimize compatibility between the visual system and
military information display systems; (2) cvaluate different
types of transparencies with respect to their physical standards
and their effect upon operator performance so as to establish a
data base which will eventually lecad to more efficient ways of
specifying the visual quality of transparencies; (3) evaluate the
incompatibility of refractive error correction by spectacles with
visual displays, protective helmets, and protective masks;

(4) develop a neurophysiological data base to advise the military
on the visual impact of operational environments; and (5) deter-
mine if red light or white light is superior at the low luminance
levels required in the cockpits of Army aircraft.,

Achievements: namic vision measurcments were established
as a valid tool in the study of pilot fatiguc. A fast transient
response to flashing lights was defined and quantified.  Through

contrast transfer functions, the best phosphor to be used in a
helmet mounted displav was visuvally defined. Development of
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biotechnology for night vision goggle (NVG) daytime training
filters for the night vision goggles has materially assisted

in student training in the use of NVGs. The optical and visual
evaluation of a protective mask (XM-29) CBR determined inade-
quacies that made it unsuitable for Army aviation use. Design
technology for combat spectacles has increased spectacle compa-
tibility with some military equipment, produced a more adequate
field spectacle, and assures better cye protection.

Projects: A series of studies to quantifz]' the interactions of
electro-optical display parameters and the human visual system

are being conducted to obtain meaningful and rcalistic user
display performance measures. In cencert with other groups, we
are working to develop relevant electro-optical display image
assessment techniques. Work is in progress to measure and speci-
fy both the temporal and spatial characteristics of imaging infor-
mation systems. A study of spatio-temporal factors in dark ad-
aptation and a study of luminance, contrast and motion factors

in visual resolution are in progress.

DD 1498s5; The DD 14983 under which the work for this program
is carried on are: (Sece p. 60-62.)

Research of Electro-Optical Systems and the Human Visual
System; program clement 6.27.73A, project number 3E162773A819,
work unit number 003.

Visual and Optical Evaluation of Nonmedical Material
program element ©.27.73.A, project number 3E762773A819,
work unit number 004,

Research of Visual Problems Medically Significant to the
Army; program element 6.11.02.A, project number 3E161102BS07
work unit number 028, and program element 6.27.73.A, project
number 3E1062773A81Y9, work unit number 002.
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Sustained Aviation Operations,
Crew Workload, and Stress Program

Background: The Army requirement for around-the-clock perform-
ance capability requires that commanders have the capability to
make objective judgments regarding levels of aircrew fatigue
during sustained operations. Army aviators are training to fly
helicopters at or below treetop levels day and night to avoid
enemy anti-aircraft threats. These are relatively new and ex-
tremely stressful tactics. There is a recurring interest in
self-deployability of aviation assets from CONUS overseas to
combat zones. Such long and dangerous flights raise many unan-
swered aeromedical questions. Night vision sensors and target
acquisition systems have been developed to extend man's visual
capabilities far out into the night. Millions of dollars are
programmed for developmental and procurement systems whose com-
plex design may overtax pilot workload, stress, fatiguec and
safety levels. Aeromedical data is required to define psycho-
logical and physiological capabilities and limits of soldier
tolerance to operational stressors, military hardwarc, advanced
tactics, and progressive military operations.

Objective: Objectives of the program include resecarch on the
topics of (1) aviation crew fatigue and work/rest schedules in
sustained operations, (2) aeromedical aspects of sclf-deploy-
ability of aviation equipment and crews to combat zones overseas,
(3) operational stress, safety and performance in helicopter
terrain flight in both day and night operations, and (4) psycho-
motor, oculomotor and psychophysiological asscssment of pilot
workload and stress associated with the use of advanced military
hardware systems (e.g., night vision gopples (NV(), pilot night
vision systems (PNVS), target acquisition designation svstems
(TADS), and the integrated helmet and display sighting system
{THADSS)) being developed for the Armv Advanced Attack Helicopter.

Achievements: In August 1979, USAARL personnel participated

in the self-deployment of helicopters to lHurope without aerial
refueling. A flight surgeon-rescarcher accompanied the crews on
the mission, while a psychologist-data collector worked with the
crews at intermediate stops along the routce.
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Biomedical limits and human pertormance data, models, ete., have
been input directly into Jdevelopmental designs on hardware sys-
tems.  This is especially true for night vision goggles and for
sensor, sighting, trackine and display svstems being developed
for the Advanced Attack Helicopter.

Since 1972 USAARL has been conducting an ongoing serices of in-
flight and flight simulator cxperiments and rvescarch projects
designed to measure psvchomotor, physiological, oculomotor and
communicative pilot workloads associated with dav/night low alti-
tude flight.

USAARL paved the way in instrumentatior and methodology for the
study of complex aviation missions. Resecarch efforts success-
fully demonstrated inflight that the integration of Jdigital in
formation into night vision goggles can significantly reduce
pilot workload and stress for nap-of-the-carth flight,

Projects: Reduction and analysis of data from {ield rescarch
into extended helicopter operations is heing completed. A sccond
cxperiment into extended helicopter operations, being performed
in a helicopter simulator, is underway., Now under review are the
experiences and duata collected during participation in the self-
deployment of helicopters to bturope. hkeginning is a gquantitative
study of copilot workload in navigating at nap-of-the-carth
flight levels with doppler navigation svstem and projected map
display in support of PM AMI.  Work continues into the psvcho-
motor, oculomotor, and psvchophvsiological assessment of aviator
visual workload.

DD 1498s:  [he 1 1498s under which the work for this program
Is carrvied on are:  (See p. 03-07.)

Research Directed at Biomedical Parameters Mfecting Vircrew
Workload buring Sustained Operations; program element

0.27.75.A, project number 31162773A819 ) work unit number 001,

Visual Performance Resecarch Related to Operational Problems
In Army Aviation: program element 0.27.73.A, project number
SE162773A819, work unit number 0lo.

Acromedical Research of Operationaliy Sienificant Problems
in the Army Aviation Environment: program clement O6L2TUTUA,
project number 3E162773A819, worh unit number 020,

*Development of Measurement Techniques for the Medical
Assessment of Visually Coupled System (VCS) Components;

program element 6.42.07.A, project number J1d0d207D325,

work unit number 048, and program clement 6.11.01.4,

project number 3A161101A91C, work unit number 288,

*Aviator Workload/Performance Assessment in Support of the
Advanced Attack Hclicogtor; program element 6.42.07.A
project number 4E464207D425, work unit number 049,

*(See page 21.)
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Impact Physiology in Support of
Crashworthiness and Personal
Armor Development Program

Background: Becausc they lacked adequate impact protection,
439 Army flvers died and 2,663 were injured in potentially
survivable aircraft accidents., These deaths and injuries
occurred within a 2 vear period, 1967-1969. This equated to an
approximatcly 25 million dollars loss annually in personnel re-
placement costs. Today's injury =tudies indicate that approxi-
mately one of three fatalities s duc to head and/vr neck in-
jury. Skull fracture tolerance is known fairly well on the
basis of cadaver and animal rescarch; but research on the meoha-
nisms of head injury (including voncussion) in crown impacts,
parietotemporal impacts, and facial dimpacts is still necoded.

Faster ground and flight vehicles create a more severce inpact
environment for the future. Whole bhody tolerance to forward

and vertical impact force was c¢stablished grossly in the 19505,
however, the tolerance to impacts {rom other directions is »till
largely unknown. Lhe military community has expressed a necd

to know the tolcrance of the hodvy to combined downward, forward,
and sideward impacts.

Personal body armor capable of defeating 10-15 mm armov-piercing
projectiles in the 2500-3000 ft/sec range is available, but

the rear surface signature offect of such armor on various arcas
of the body is largely unknown. Rescarch to determine the poten-
tial for injury of such armor is neecded.

Objective: The effects of impact on the protected soldier
when he is exposed tu projectiles, accidents, and during normal
opcrations are not fully hnown. The impact physiology program
goals arc to: (i} develop multi-axis unconsciousness threshold
criteria due to helmeted head impact; (2) develop skull and/or
cervical spine fracture limits for crown and temporal helmeted
head impacts; (3) develop facial fracture limits to impact when
protected by night vision goggles, face shields, oxvgen mashks,
etc.: (4) develop scated whole body (inertial) impact tolcrance
to Z-axis loading combined with X- and Y-axis loading: (5) de-
velop seated whole body (inertial) impact tolerance to Y axis
(side) loading; and (6} develop the limits of pressure and time
on the torso duc to rear surfacce sighaturc(s) of body armo:
struck by projectiles.
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Achiovement«: A crashworthy troop seat concept for the
Blackhawh was developed that incorporated human tolerance and
orthopedic design criteria. Most of these concepts were incor-
porated into the present Blackhawk seat. Biocengineering cri-

teria for a stronger SPH-4 chin strap was developed and given to
the helmet developers. Bioengineering criteria for a "crushable"

earcup are being developed. SPII-4 helmet test and future flight
helmet biocengineering design and test criteria arc now being

written. Bioengineering design criteria for the Integrated llelmet

and Display Sight Systems (IHADSS) was provided to the Advanced
Attack Helicopter (AAH) program manager in the planning stages.
Analysis of impact damaged equipment through laboratory duplica-
tion of the impact force to the equipment was begun under this
program. The procurement of substandard material was prevented
through material evaluation.

Proiects: A protective uniform for combat vehicle crewmen
currently being developed by NARADCOM will include a new helmet.
NARADCOM will formulate the design requirements and criteria;
however, USAARL will determinc the levels of acoustic and

impact protection required. Additionally, a test method will

be developed to validate the helmet's performance. There will be

three types of research into body tolerance of impact force:
whole body impact, impact to head and neck, and impact ecffects
of defeated projectiles,

DD 1498s: The DD 1498 under which the work for this program is
carried on is: (See p. 68).

Research of Bioengineering Problems Medically Significant
To Army Aviation; program element 6§.27./3.A, project number
3E162773A819, work unit number 015,







Health Hazard Assessment Program

Background: Health hasard assessment of the aviation

and combat crewmember environment has been in existence for some
time. However, the operational problems, techniques, and thrust
areas continuously change.  Recent changes in operational doc-
trine and tactics coupled with more sophisticated and complen
equipment have placed additional stress on combat vehicle crew-
members,  Missions require flight at low level and nap-of-the-
carth, during adverse weather conditions, around the c¢lock, dav
and night, and often at increased altitude and atmospheric cleva-
tions., Threat nations arce capable of and are capected to use
nuclear, biological and chemical weapons. Man's ability to offec
tively perform and survive under these additional stressors is
limited and must be augmented.  Aviators involved in aircraft
accidents experience an unacceptable number of major and fatal
injuries. The loss of experienced aviators is costly and reduces
combat effectiveness.  The health hazard assessment program is
necessary to identify, evaluate, amd climinate the health harards
imposed by today's combat envirvonment.

Obijective: The health hazard assessment program is planned

to (1) enhance the aviation and ground combat vehicle crewmember's
ability to survive and operate effectively through assessment and
alleviation of health hazards and phvsiological stress imposed by
the operational environment: (2) develop biomedical and phvsio-
logical instrumentation and measurement techniques to allow
assessment of the health hazards associated with stresses of
noisc, visual restrictions, thermal environments, altitude, at-
mospheric conditions, and the Diophvsics and biomechanics involy-
cd in vehicle emergency operations; (3) apply these measurement
techniques to cevaluate eftfectiveness of the lTife support protec
tive equipment and systems; and (1) determine medical health re-
quirements for cstablishment of operational regulations, stand-
ards and design criteria,
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Achievements: USAARL was instrumental in replacing the
APH-5 helmet with the much improved SPH-4, and today we are re-
vising the SPH-4 specifications based on data extracted from the
crash injury epidemiology program. USAARL conducted health
hazard assessment studies of the UTTAS, the XM-29 mask, and

the personnel armor system for ground troops (PASGT) helmet.
Consultations on improvements in life support equipment are
conducted with the user community on a continuous basis.

Projects: Biomedical evaluation of health hazards and injury
mechanisms involved in Army aviation accidents and studies of
impact/injury will be continued. The biomedical effectiveness

of the present protective nuclear, biological and chemical sys-
tems is being evaluated. Studies in the biomedical aspects of
enriched oxvgen generation systems and their effectiveness in the
elimination of immediate operational health hazards continue.
Assessment and validation of the effectiveness of design criteria
for the next generation of ground combat vchicle crewmen life
support protecctive equipment in order to establish noise and im-

pact criteria to protect against such health hazards are underway.

Toxicological assessment of combat vehicle and combat weapons
environments will continue in an effort to reduce overall health
hazards.

DD 1498s: The DD 1498s under which the work for this program is
carried on are: (Spe p. 69-72.)

Direct Field Support to Immediate Army Aeromedical and
Ground Vehicle Problems; program element 6.27.73.A,
project number 3E162773A819, work unit number 005.

Life Support Equipment Retrieval Program; program clement
6.27.73.A, project number 3E162773A81Y9, work unit number 013,

Research Countermeasures for Significant Medical Hazards in
Military Systems; program element 6.27.73.A, project number
3E162773A819, work unit number 014.

Biomedical Application and Health Hazard Assessment of
Oxygen Enrichment Breathing Systems; program element
6.27.73.A, project number 3E162773A819, work unit number 047.
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Medical Aspects of Crew Selection Program

Background: USAARIL has been intimatcely involved with hoth the
developmental changes and the applications of physical standards-
particularly for Army aviators--for many years. Numerous re-
search projects have heen conducted to provide a datra base lead-
ing to possible modification or clarification of existing regu-
lations. In response to requests from outside agencies (the
Army Aeromedical Activity in particular) personnel of this lah-
oratory have conducted consultations involving the application
of physical standards. These consultations included vision,
cardiovascular, auditory, pulmonary, psychological, anthropo-
metric and vestibular problems. Although these consultations
were performed informally, a formal request for assistance was
received by the Office of The Surgeon General in September 19077
from the Vice Chief of Staff, DA, through BG C. Caaedy, Acting
Director of Requirements and Army Aviation Officer, and BC R.
Sweet, Deputy Director of Military Personnel Management. lhe
purpose of their request was to determine the minimum, definable,
measurable requirements that must be possessed by an applicant
to pilot and employ Army aircraft. Coordinated by the Army Re-
search Institute at Fort Rucker, this effort was planned with
the Assistance of USAARL personnel as dircected by AMRDC.  The
research plan, consisting of methods, required funding, and man-
power, was presented to appropriate DA staff. USAARL continues
to work on certain aspects of this problem arca.

Objective: The ohjective of this program is to determine
biomedical criteria for selection, retention and physical stan-
dards for military personncl which are reclevant to the opera-
tional requirements of the Army's mission. Specific goals are
to: (1) determine validity of selected visual standards as
applied to Army aviators and other aircrew personnel in the
operational environment; (2) analyvzce the anthropometric differ-
ences of the male and female performance in the aviation environ-
ment; (3) better define the relationship and necessity for stan-
dard audiometric testing and auditory perception of voice commu-
nication; and (4} develop psychomotor/psychological tests appli-
cable to crew sclection and retention.

13

e 2

e o

[P
o




SITTING HEJGHT-CENTIMETERS

(4 57 vyt

904

(8.78 g)
HEAD
804
(1.63 Kg)
701 'y
J 4.07 kg)
60

Zoare

&2

. R
:
|
?‘“

504

UPR, ARM (6 (4.33 egd, ATTALHED TU TH-Tb

G (5.29 kg)

404

304

FURLARM (G . o0 ¢y

20+

N N R U

APRGA. BLF (UT
TR PELVIS AFPROY (LY
109 THRU L1G
TR
Ln H ey

[¢)

20 30
HORTZUNTAL SUALE-CENTIMLTERS

50th PERCENTILE MALE

1,449 by
FOUT

APPROX. (UT_THKU 6

TOWER CALF




Achievements Research concerning crew selection and reten-
tion and physical standards has been done under various 1498°'s

in the past. The study of the role of vibration on long term
pathology of the bony end joints, vision consultations, and
studies on monocular vision in aviators arc examples or work done
under associated 1498's that apply to this program. This is a
new program that will focus these various segments of work toward
the overall problem of physical requirements for crew selection
and retention.

Projects: A critical review of current vision standards so
data will be available to update standards is in progress. A
contract research effort is in progress to assemble sufficient
c¢linical data so current heterophoria standards can be validated.
A protocol will be written concerning the after-ceffects of high
brightness levels to dark adaptation.

DD 1498s: The DD 1498 under which the work for this program is
carried on is: (Sce p. 73.)

Aviation Medicine Rescarch for Aircrew Selection, Retention,
and Physical Pertormance Standards; program clement 0.27.73.A,
project number ZE162773A819, work unit number 007.
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Biomedical Aspects of Vibration Program

Background: Changes in doctrine and advances in equipment tech-
nology have modified the role of vibration from that of a nuisance
to that of a real operational hazard. Low mass advanced tracked
vehicles operating at higher speeds expose restrained crews in
unusual seating positions té direct coupled vibration. The re-
sultant effects on the visual, auditory, vestibular and neuro-
muscular function are not fully known inasmuch as the exposure
factors are unique to emerging military weapon systems. A crew-
man must now operate in a severe vibration environment, experience
prolonged continuous exposure, and still perform with greater
accuracy, efficiency, and dexterity than ever before,

The vibration program was initiated in responsec to a nced for pre-
venting vibration related musculoskeletal disorders in Army
aviators. Since then its scope has been expanded to include the
prevention of all vibration related disease and human incffective-
ness cauded by Army materiel. The requirements for this mission
are established in AR 10-5, para 2-35-a7, and AR 602-1, para 5C,

as well as in the DOD Scientific and Technical Objectives and Goals
Document .,

Objective: Vibration affects the body in two hazard arecas:
health and effectiveness. The general goals of the vibration
program are to define these effects and determine a means to
alleviate detrimental influences of vibration exposure. Speci-
fic goals arc to: (1) define the effect of vibration on the
neuromuscular control system; (2) determine the role of vibration
in producing trauma in joints and bone; (3) determine the effect
of vibration on visual acuity and trauma to the eye; (4) determine
the effect of vibration in producing hearing loss; (5) recommend
standards which limit vibration exposure to non-hazardous levels.
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Achievements? The contribution of vibration to human track-

ing error in visually coupled systems (V(S) was defined and a

data base for modeling the human aspects of VCS was developed. -
A technique for measuring muscle stress in the vibration environ- '
ment was developed. The muscle stress induced by helmets of the :
Personnel Armor System f{or CGround Troops (PASGT) was evaluated in :
the vibration environment. A technique for quuantifying vibration h
induced muscle synchronization was developed. Specimens of vi- g
bration exposed joint material from miniature swine werc prepared
for analysis and arthritic human tissue was obtained for compari- ;-
son. An assessment program for the vibration hazards (visual, |4
auditory, muscular, endocrine) associated with supine seats in '
tracked vehicles was developed under contract from the Tank and iy
Automotive R&D Command. i

Projects: The problem of backache must be investigated as an
additional stress and fatigue problem and incorporated into the
findings of other researchers who are working on aviator stress
and fatigue factors and crew work/rest guidelines. We must
develop a standardized technique for analyzing the effects of
muscle stressors, both dynamic and static. This will include the
determination of muscle stress induced by diverse items of
military equipment. The magnitude and characteristics of the
health hazards to the crewmember of the supine or prone scating
position in the modern combat vehicle must be determined.

DD 1498s: The DD 1498 under waich the work for this program is
carried on is: (Sce p. 74.)

; *Health Hazard Assessment and Implications of Whole-Body

f Vibration Associated with Advanced Combat Vehicle Technolopies;
program clement 6.20.01, projcct number 1L10200LAHOY, and
program element 6.27.73.7A, 3H102773A819, work unit namber ©30.

*(See page 21.)
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Thermal Analysis Program

Background: Military pilots, aircrew members, and passengurs

are subjected to the threat of fire during "hot" refueling, in-
flight accidents, and postcrash s2quences. Many approaches may

be taken to protect people under such circumstances and include
elimination of the fire threat, more efficient means of fire
fighting and rescue, and provision for a thermally-protected micro-
environment for the crew through the use of thermal prctective
clothing.

Bicmedical support and input to the engincering solutions nec-
essary for fire prevention involve epidemiologic studies on the
morbidity and mortality of thermal injuries in survivable acci-
dents, cost and operational effective analyses of these injuries
and fatalities, and recommendations that influence the cxtent and
severity of a fucl system modification and the extend of retro-
fit. The minimization of burns through the provision of thermal
protective clothing requires more than a physical cvaluation of
the candidate fabrics; it also requircs an as-av of the biologic
response of skin to a typical postcirash fire heat flux and time
exposure both unprotected and protected bv candidate materials.

USAARL's epidemiologic contributions to the implementation of the
helicopter crashworthy fuel s¢vstem into the entire helicopter
fleet are well established. Army Safety Center data and recent
USAARL reports have shown that the helicopter crashworthy fuel
system has essentially eliminated postcrash fires in helicopters
along with thermal morbidity and mortality.

Biomedical assay of candidate thermal protective fabrics is a
necessity. Gaining or losing as little as one second of pro-
tection time because of the manipulation of the thickness, weave,
or composition of a fabric can have a devastating effect on human
tolerance and survivability. Assay of fabrics through purely
physical means in the laboratory or on manikins in a fire pit
without the use of sensors calibrated to human skin response will
not give biologic information that is useful for decision making.
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Thus, the thermal analysis program began in 1970 as a long-range,
comprehensive, and aggressive cvaluation of the entire correla-
tion between helicopter posterash firve, morbidity, mortality,

and the development of contributory or supportive preventive
technologics.

Obijective: 'he current objective is to establish a correla-
tion between the thermal chemical paramcters measurcd by phvsi-
cal sensors and the damage to analoe animal tissue when both
physical sensors and animal tissuc are exposed to identival
thermal loads. FIxtrapolation of the analog animual skin mechanics
to human skin is being done mathematically and correlated with
clinical data. impirical and analytical mathematical models

are sought which accurately and efficiently predict the depree
of thermal injury resulting from thermal encrgy transmitted
through protective clothing or emanating from flammablce c¢lothing.
The models must predict the entire continuum of clinical burns
and be able to accept thermal loads from minor to what has been
established as the worst credible survivable environment,

Achievements: Complete description of the helicopter post-
crash fire including chemical, thermal, and phvsical dynamics,
rescue and escape times. Demonstration of the inefficiency of
advanced firve suppression and crash rescue systems in reducing
morbidity and eliminating mortaltity. Development of a repro-
ducible porcine bioassay method for studving thermal biomechanics
of skin and evaluation of thermal protective cleothing. Use of
the bioassuy technique to evaluate various uniform and winter
underwear combinations. Bioassay of numerous production and ex-
perimental fabrics and polymers. Determination of wound healing
characteristics influenced by fabric dye off-gasing products.
Establishment of a vast standardiczed porcine skin thermal injured
data basc. FBvaluation, calibration, and corrclation of a large
variety of physical thermal sensors to the bieologic data basce.
Creation of a number of analvtical and empirical math models to
replace the bioassay technique.

Projects: Current project efforts involve publication of work
completed.  Significant cfforts arce being cxpended to refine and
tunce the most promising mathematical model which has been shown
to be able to predict accurately the clinical response aof shkin
from erythema through bhlistering to charring when exposed to a
variecty of thermal inputs.
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Appendix A

Research and Technology Work Unit Summaries (DD 1498's) for FY 79
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RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY

1. AGEMCY ACCESHION® |1. DATE OF SuNMARY® REPORT CONTROL SYNBOL

. DD DR&EAK 616
DA OB 9 19 10

5 OATE PAEV SUN'RY (4. KIND OF SUMNARY ’l. SUNMARY SCTY® 1. WORK SECUMIT

B mtonADING® pe DISO'NH INSTR'N 8h SPECIFIC DATA - [P LEVEL OF sSuM
ONTRACTON ACCESS

78 10 01

D. Change U U

NA NL [2 ves w0 A womK uiy

10. 80./cODEN:*

PROGRAM ELEMENT

PROJECT NUMBER

TASK AREA NUMBER

WORK UNIT NUMBER

& PRIRARY

6.11.02.A

3E161102BS07

Q0

Qo

B CONTRIBUTING

SEAYYRIYY 1 CARDS 114 1(t) ()

1. VIR (Procods Witk Securily Closeilication Code)®

(U') Military Acoustic Hazards: Mechanisms of Hearing Loss

12 SciEuTiFiC anc vecuworocicas aneas® 000200 Acoustics; 012400 Personndel Sclection and Maintenance

(medical); 007900 Industrial (occupational) Medicine
ATE Ta E3TINAYEO COMPLEYION DATE TS FUNGING AGENCY 6 PEAFORMANCE METHOD
CONT DA L C. In-House
CONTYRACY/GRANY . MESOURCES ESTIMATE | & PROFEISIONAL MAN YRS | B FUNDS (in thovsmnde)

& pATRSRFFRCTIVE: EXMAATION T CREINE
» nussen® scac) 7Y 2.4 183
o TYPy: 4 AmouNT: ALLL]
o KIND OF AWARD: (. CUM. AMT. &0 3.9 212

PONSIIL £ DOD ORGANIZATION I l 20 PRRFORMING ONGANITATION r l

mame® US Army Aeromedical Research Lab
" Ft. Rucker, AL 36362
JrasPonsiaLt (NOIVIOUAL

wue Knapp, Stanley, C., COL, CDR
receswone:  (205) 255-5107

wawet S Army Aceromedical Rescarch Lab
Human Tolerance & Survivability Div
PP F . Rucker. AL 363062

PRINCIFPAL (NVESTIGATOR (Fumish SSAN 11 U S Acadenmtc [netitutien)

teeeenone (J(05) 255 -4.108

SOCIAL SECURITY ACCOURT NUMBER

Pt cEMERAL USE

Foreign Intelligence Considered

ASSOCIATE INVESTIGATORS
wawe:  Patterson, James 1, Ph.D.

wang:  Mozo, Ben 1.

wmaues Burdick, Charvles K., CPT, MSC, PhoDE

" - eselleorion co®l (1) Acoustics,

medical); (U) Industrial (occupational) medicine: (U Alrcradts (V) Combat Velueles

(U) Personnel Selection and Maimtenance

by number Precade teat of sach wimh Security Cleseilicarton Code )

Y. TRCHNICAL OBstcTive.® 24 " 2 (Promion

injury may differ somewhat from that found with

car to 63 Hz octave band notse. This electroph
the intracochlear response to this low frequen

23. (U) To establish valid damage risk criteria to insure the adeguate hearing protec
tion of Army personnel exposed to continuous noise.

24. (U') Behavioral, histological, and electrophysiological prodecures are used with
animal models and audiometric and psychophysical procedures are used with human subjects

25. (U) 7810-7909. Effort has continued to identify and uantify the etfects on hearing of
exposure to high-intensity, fow-frequency noise. Histological evaluation of the cochleac
of chinchillas exposed to low-frequency noise tentatively indicates that the mechanism of

frequency noise produces lesions in the sensory cells of the chochlea, while vory tew |t
any, lesions have been found in cochleac exposed o fow Drequency notse. A group of
chinchillas was exposed to octave-band noise centored at 1.0 kHz for @ davs with
tially the same hearing losses found in a previous study . These anmmals will under po
analysis of the output of the 8th nerve by making clectrophysiological recordings trom
single units of the nerve to determine changes in cochlear fundtions as a tunction ot

the noise exposure. Groups of chinchillas were also exposcd 1o octave band notse
centered at 63 Hz at 130 dB and octave-band noise centered at 125 1z ot 110 dB . Both
exposures produced maximum hearing losses in the 2.0 2.8 kHz region. rephic atimp that
low-trequency noise produces high-frequency hearing loss. Data collection bepan on an
extramural contract to determine the cochlear microphomce response ol the chine billa -

standing of the mechanisms mvolved i hearing loss to low trequency nogse.,

high frequency norsc. That s, haph
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2. TECHMICAL OBIECTIVE.® 24 APPROACH, 23 {Pumieh Oy numbar Precede test of sach with Sscurily Classificalian Code 5

23. (U) This research assesses the sound-attenuating characteristics of hearing proteetive
devices as to their suitability to meet the needs of the Army and develops new hearing pro-
tective devices and methods for evaluating them.

24. (U) Methods utilized for the determination of the sound attenuation characteristics of
hearing protective devices will be ANSI Z22.24-1957 and ASA STD 1-1975. Objective electro-
acoustic methods will also be used.

25. (U) 7810-7909. ASA STD 1-1975 real ear attenuation characteristics of hearing protec-
tive devices standard method was implemented. All the requirements of the standard have
been met, and the measurement of the real ear attenuation characteristies of the hearing pro-
tective devices using this method will begin in FY 80. The evaluation of the real ear atten-
uation characteristics of SPH-4 manufactured by two companies was completed. Nine hearing
protective devices identified in the Qualified Products List of products were evaluated and
qualified under Mil Spec MIL-P-38268. USAARL Report No. 79- 10 was published. The cval-
uation of the Bilsom Prop-O-Plast was completed. USAARL Report No. USAARL LR-79-10-2-5
was completed. Reports are presently in progress on the comparison of real car attenuation
characteristics of the E-A-R earplug and the Deci-Damp earplug, and the training cffect on
the attenuation of the E-A-R carplug. A method of measuring the sound attenuation character-
istics of circumaural hearing protectors by physical method is presently in development.
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3 TECHMNICAL ORJECTIVE.® 24 APPROACH, 18 PROGAESE [ Purmieh Individue! parsgeaphs identiliad by numbder Praceds teat af sach wifh Securtiy Clanstitcotian Cods > -
23, () Develop a CVC Helmet which provides acoustic and impact protection and high
quality voice communication without hearing damage.

24, (U') The approach is to: (1) measure impulse noise of combat vebicles, (2) es-
tablish sound attcnuation requirements for adequate protection in CVC environment, (3)
establish electro-acoustic characteristics for equipment to assure compliance with hear
ing conservation requirements, (4) investigate ear seal configuration for maximum sound
attenuation, (5) evaluate impact hazards in combat vehicles and specify design criteria)
(6) determine need and design of a suspension and retention svstem, and, (7) determine
qualification test procedures.

25. (') 7811-7909. Progress is shown by publication of USAARL Report 78-12 which
involved a medical evaluation of sound attentuation and electro-acoustic characteris-
tics of a prototype DH-178 protective helmet containing an active hearing protector
that may be proposed for use around some weapon svstems. The specialized equipment
necessary for measuring impulse noise in the field has been partially received and
assembled. Preliminary examination of the data correlating physical ear and real-ear
attenuation measurements has been initiated. Data on accidents invelving head injury
was obtained from U'SASC and is being reviewed. Limited user opinion survev on the
DH-132 helmet was conducted at Ft. Knox. A similar survey is bheing prepared for dis-
tribution to units in Europe. The M-60, M-113, M-104, MI10 and SM-]1 were examined for
impact surface hazards. The monorafl drop tower was procured. The experimental plans
developed for this investigation were presented to a Working Group of the Natijonal
Research Council,
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D5 b Lo detine the phvsologic etfects upon the auditory svstem of bhos over
pressure generated by hieing Army weepons systems in terms of the physical character
Intics of the pressure wann e responsable tor ey to the auditory sestem and potential

protective devices and mechanisms .

Jhoo U The appraach e three pronged: Physacal measurements to detime the natare

\

of the nonse and on whoch 1o baec hacard o Prrvect airdat:on of hearing

protectinv e devsors amd development ot ndireet methods o determene thenr ade quaaay
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23, (U') To provide information about the effects of military electro-optical viewing and
display systems on the human visual system and to determine optimum display characteris-
tics to match the capabilities of the visual system.

24. (1) The approach will involve visual psychophysical procedures and the electro
optically penerated tarpgets will be verified with static and scannimp photometre and

colormeteric technigues.

25. (1) 7810-7909. The spatial and spectral scanning photometer/radiometer previously
used to measure static display quality, as discussed in USAARL RPT 79 13 "A Direct
Measure of CRT Image Quality™, has been modified to analyze dynamic imape quality too,
The technigues and procedures tor rehably analyzing dypamic image gquality arve ~ull i
developmental stages. These procedures will be finahized prior to the dynamie maeery
studies. The second static imagery study 7 The Ettects of Varous Television Display
Phosphors on Tactical Vehicle Visual Thresholds" 1« bemg prepared tor publication.,
Dvnamic contrast sensitivity and dynamic vehicle visual threshold data tor the variane,

common display phosphors will be collected during this fiscal year. The electronic sine

for the dynamic vehiele threshold study s being collected at the present time. A vionable
frame rate 16 mm flying spot scanner film to video connected will be delivered m April 80,

wave generator for the contrast sensitivity study s on-hand, and the dynamic imagery ¥
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23. (') ‘To provide information on those aspects of the ambient or instrument environment
which might adversely affeet or enhance the human visual system and military operational
activity dependent upon visual performance.

24 () The approach will include physical opties teehnigues, photometry . spectrometry,
and colorimetry to measure the fidelity . magnitude . and temporal characteristies of the
visual environment and. using psyvchophysical procedures. determine the offeets of the
visual stimuli on visuail performance.

250 (U) 7810 7909 Progress is shown in: USAARL LR 79 2 3 2. Jan 79, An Evaluation
of the Lighting of the Tactical Air Traftic Control Tower (TSW 7) for Blackout and Night
Vision Gogygrle Compadibility: USAARL LR 79 7 2 2 Jun 79, Rio Optical Evaluation of U1 1
Armor Windshield: and in reports in preparation: Lighting Fyaluation of the A 1 (Cobra)
Stmulator: Mathematical Formulation and Computer Analysis of Minimization of Cockpit Re
flections: and An Evaluation of Light Control Film TV o Reducing Reflections within the
AH IS Aidreraft.
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23. (U) To provide information about the visual sensory modality relating to capability of
the human visual system and the impact of military equipment, environmental and operational
influences on visual performance and integrity .

24. (U) The approach will include psychophysical, electrophysiological, and other
objective techniques to evaluate human visual performance with quantitative measures.

25. (U') 7810 7909. The current work in this arca evaluated an aviation problem in which
pilots were seeing double flashes when in fact the source was a single pulse. The double
flashes occur at a frequency of approximately ten Hertz, These auto oscillahions are now

believed to be related to oscillatory potentials recorded from reting and cortex.
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23. (U) Little is known about the medical problems which extended operations have on
helicopter aircrews, The objective of this project is to assess the biomedical param-
eters which affect aviation personnel during sustained military operations. The over-
all results of the research will provide a baseline criteria for: (a) physiologic
measures of workload, stress and fatigue; (b) the effect of workload, stress, and fa-
tigue on extended performance; (c) Army aviation personnel requirements for sustained
operations; and (d) the fatigue and stress effects caused by special operational equip-
ment such as night vision goggles or helmet mounted sight systems.

24. (U) The approach will involve the utilization of in-flight and simulator monitoring
and recording systems capable of sampling and recording continuous analog and digital
information in experiments designed to measure pilot performance and aircraft response.
These recording systems and statistical techniques will be utilized to quantify and
predict aviator performance levels and subsequent man-system efficiency as a function of
extended military operations.

25, (U) 7810-7909. During FY 79 a methodology report entitled "The Measurement of Mani
Helicopter Performance as a Function of Extended Flight Requirements and Aviator Fatigue'
was completed. Two of three planned extensive multidisciplinary data collection exer-
cises were completed in week-long simulator IFR flight operations, Survey data on avia-
tion crew work/rest schedules were used in modeling aviator to aircraft seat ratios for

sustained operations. These data were supplied to the TRADOC special study on Army Avia{
tion Personnel Requirements for Sustained Operations (AAPRSO). Research personnel par-
ticipated in the first transatlantic self—deploiment of CH-47 helicopters without aerial

efueling exercise. A proposal to conduct in-flight research on aviator fatigue in ex-
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wawe Stone, L. W., MA, DAC

7 (1) Visual Performance; (U') Binocular Vision; (U) Eye
Movement; (U) Military Aircraft; (1) Man-Machine Relations; (1) Psychology; (U) Recordin

57 TecuNICAL OBIECTIVE.® 24 APPROACH. 28 PROGRESS {Pumish individual paragraphe ideniified by number Precede taat of aech with Securtty Ciseatfication Code

23, (U') Visual perception to Army aircrews is critical for pilotage, navigation, and
weapon utilization to fulfill various tactical requirements. The objective of this
project s to provide US Army aviation information regarding the visual performance of
fixed and rotary wing aviators during varying tactical missions. Special emphasis will
be placed on the objective quantification and interpretation of these data and their
relation to variables such as pilot physiological and psvchological states and task
lvading.

24. () The approach will involve the utilization of an oculemotor monitoring and re-
cording device for visual data collection during flight. Areas of research to be
addressed will include: aviator visual performance during conditions of VFR, IFR, night ]
and nap-of-the-earth flights; day and night navigation; scout helicopter operations, and
varying aircralt comparisons. Measurements of dwell times, scan rates, fixations, and
zones of workload will be analyzed to provide visual performance criteria and models.
Additionally, data collection equipment and techniques are being designed to provide the
ability to record visual data under night flight conditions and data analyses project.

25. () 7810-7909. Previously, visual performance investigations were reported under

accession numbers OB 6899 and OC 6886, laboratory reports and {indings can be reviewed
in the previous two accession number reports, Current efforts have been directed at
ompleting a computerized data base. This data base is 857 complete. Still lacking are r

ata from aviators during attack helicopter operations. Additionally, data collection
pnd analysis efforts have been extended to provide more sophisticated methods of inter-
reting visual information provided by in-flight programs.
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3. TECHNICAL OBIECTIVE,® 24 , WP (Pumion fred 8y nummber Precede teal of each with Security Cleesification Cods )

23. (U) The objective of this project is to provide a definitive assessment of medical prob
lems peculiar to the aviation environment and prepare guidelines for field commanders on
the impact of these problems on the aviation mission. The results of such rescarch will aid
in development of improved standards and biomedical techniques for the field flight surgeon
to use in monitoring and treating aviator stress and fatigue: as well as the medien) standards
for selection of aviators and air traffic controllers for specific assignments,

24. (U) A multidisciplinary approach. utilizing physiological measuring techniques. flight
surgeon assessments, as well as aireraft comparisons. will provide the method to analyvze
aviator performance in the operational environment. Parameters to be measured will include
heart rate, respiration, biochemical stress indices. and in- flight performance measuremoents.,

25. (U) 17810-7909. Progress in this area of research has been demonstrated by the follow
ing accomplishments: A research protocol entitled "Aviator Stress Profite for the Cobrea
Helicopter” has besn reviewed and approved by Scientific Roview and Human Use Committees.,
USAARL and USAMRDC. Equipment to accomplish this work has been placed on order and o
significant percentage of it has been received. A Cost Operational Effectivencss Annlyvsis
(COEA) is presently being conducted on the validity of present physical stimdards for Army
aircrew and ATC personncl in pelation to field requirements. Particular emphasis is being
directed at the visual standards cited for aircrew personnel in AR 40 501.
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23, () Vo develop measnroment techmgues Yor the medical assessment of Visually Coupled
System (VOS) mlitary components.

230 (U i possible to compromise an aviator < satetv, physwological pertormance and his
ability to thy when desicning and fabricating o VOSSO The VOS hardware must be serntinized
carcfully to msure mutual man-machine contormty. The tirst phase of thes study was con-
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quantitative medical asscasment ot g crewmember's prdotape and navigation pertormance usimy
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23. (") To provide valid. meaningful biomedical eriteria for the development of improved
designs and equipment for head protection, the means to assess helmet protective perfor
mance, and prevention of posterash fire burn by improved thermal protective clothing.

24. (U) The approach will be based on sound and aceepted experiment hioengineering
methodologies ineluding mathematical modeling . pathophysiologic techniques, biomechanices.
structural engincering, thermodynamics. and physies.

25. (U) 7810-7909. This work unit supports the Army's designated responsibility for direet
head impact work for all three services. Charged to establish a biologically valid helmet im
pact test methodology . A major effort has begun to improve head protection in militury air
craft accidents because one out of three aireraft erash fatalitios is a result of head and, or
neck trauma. In FY 79, the following tasks were completed: (1) a continuation rescarch
contract was consummuted to complete the rescarch on an energy absorbing carcup to atten
uate impaets in the tempro parictal region of the head. (2) o draft Flight Helmet Performance
Specification was written, but validation of the shell toughness eriterin and retention havrness
criteria must be completed prior to release of this document, (3) a final contract to complete
the last phase of the thermal math model for thermal protective clothing performance wis
initiated, (4) a tri-service contract to evaluate the UH 60 Blackhawk crew and troop sei
energy -absorbing characteristies with cadaver occupants was initinted . and (3) an Army
Navy agreement to provide multi -axis impact tolerance eriteria via research with Navy
volunteers was also initiated. Manuscript entitled "The Use of Mathematical Modeling in
Crashworthy Helicopter Seating Systems” was presented at AGARD, Paris. France.
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wawee US Army Acromedical Research Laboratorfeaes  US Army Acromedical Research Lab

Field Research and Biomedical Applica-

Jaconess® ‘ |
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Fort Rucker, Al 36362

PRINC (PAL IMVESTIGATOR (Fumieh S3AN 11 U § Acedemic [natituiion)

freseonsise moivibuaL wame® Hundley, 1. AL, BA, DAC
Mee Knapp, S. ., COL, Cdr L N IR CE N RO |
TELEPNONE: 82[)5) 255 5107 3OCIAL SECUMTY ACCOUNT WUMBER

1. aenenaL use associare invesTicaTons

wame  tohnson, G, SSG

Foreign Intelligence Consadered wame  Aprmstrong, R. N., MS, DAC

RO (i ACH =T Secur] o

catlon 7 X

(U) Protective Equipment; (U) Stress Physiolopy: (U) Mus-
culoskeletal Systems: (1) Biomedical; (i') Man A\1Ii:lhll)l‘.\(' er..tmn.\h,;(p:‘ Ty RIOToR) 7

;‘T‘Cl\"l‘lk omecrive.? 18 ", 28 {Pveniah By number Precede reu! of eBch with Sacurtty Cleseificalian Cods )

23. (U} Vo provide a technological data base concerning the physiolopical and biomedical
aspects ol the evaluation and injury correlation of hite support equipment, identification

of hazard protection problems assocrated with Lite support cquipment and to provide concep -
tual design reconunendations and criteria tor the improvement of hife support equipment.

24. (U) Army aviation life support equipment involved in cither mjury causation or pre-
vention, in the field, are cent to USAARL tor biomedical and injury correlation evaluation.
This evaluation assesses the offectiveness/deficiencies of the life support cquipment through
an analysis of the physical condition of the protective devices, the human injury incurred
and the related human dynamics involved in the accident. The analysis 1s accomplished

by the application of epidemiologic methods incorporating medically related engineering
failure mode analysis, accident investigative procedures, forensic pathology, mathematical
modeling and applied bioenginecering research techniques.

25, (U) 7810-7909. A biomedical/physiological crash injury computerized data base and
associated retrieval programs were established and helmet injury corrvelation data collecied.
Consultations were provided to the US Army Safety Center concerning the life support
equipment aspects of accident investigations and injury prevention. During FY 79, the
LSERP reccived 35 prams concerning major accidents. None of the accidents met the criteria
for initiating case studies. The life support cquipment recovered from these accidents
included 21 flight helmets, 4 seats, and a number of scat belts and articles of clothing. A
backlog of 36 cases were evaluated and closed out. Letters of agreement concerning
exchange and evaluation of retrieved LSE woere signed with the A Force and the Navy.
Defects in helmet retention system replacement parts were discovered and brought to the
attention of the procuring agency.
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mawe® US Army Aeromedical Research Laboratory
**™%* Fort Rucker, AL 36362

[agsronsisLE iNDIVIOUAL

wsse Kpnapp, S. C., COL, Cdr
racesnons: (205) 255-5107

“%t*US Army Aeromedical Research Laboratory
Field Research & Biomedical Appli-

1. GENERAL ust

Foreign Intelligence Considered

cations Division, Ft Rucker, AL 36362

PRIMCIPAC (KVEBTIGATOR (Fumish S34N 11 [/ § dcodomi, (netitution)
wamg * Armstrong, R. N., MS, DAC
veceewone (205)  255-3211
SOCIAL SRCUMITY ACCOUNT NUNMBER

ASSOCIATE INVESTIGATOAS
wawe Hundley, T, A., BA, DAC
wawe Nagel, G. A., CPT, MSC

e 94 IACH w vy laneiNeation Cu
Ehysiology; :
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7 () Hazards; (l) Protective Equipment; (1) Stress
i . 1 3o
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those hazards.

associated wi
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23. (U) Conduct applied medical research to identify, assess and pruvent unnecessary
health hazards and personnel injuries imposed by exposure to the operational enviran-
ment (altitude pressures, heat, cold, noise, toxic gases, oxygen levels, averblast
pressures, chemical and biological agents, vibration, acceleration and deceleration
impacts), and to provide the Army technical information, recommendations and standards
to be used in the development and modification of systems that provide protection trom

24, (U) The approach involves the application of physiological and biomedical applied
research methods utilizing physical and anthropometric examinations, x-rays, biochem-
istry, EMG muscle stress measurement and dynamic impact analysis techniques to isolate
the hazards involved and determine required protective measures. These techniques will
be applied to the establishment of biomedical requirements of orthopedically desipned
seat configurations, head impact protection, vehicle crashworthiness, hody restraint
systems, environmental control systems, oxygen generating systems, life support sur-
vival equipment and aeromedical evacuation and rescuc equipment.

25, (V) 7810-7909. The data collection phase of the acceleration/deccleration impact
hazard assessment of ground combat vehicles was completed and the data analysis phasc
initiated. Preliminary medical criteria have been established for the development of thd
new combat vehicle crewman protective helmet,
establishment of impact test criterfa and methodology for the CVC helmet. The initial

field assessment for the concept evaluation of the United Kingdom NVC protective cloth-
ing was conducted under aviation operational conditions., The general methodology has

been established for further assessment of the medical hazards and operational constrain

Ef forts have been initiated toward the

Sl1GBE, NBC protective cloth]nﬁito be conducted during FY 80,
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Oxygen Enrichment Breathing Systems
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Field Research & Biomedical Applica-
aoORESS ¢

[***"*fort Rucker, AL 36362 tions Division, Ft Rucker, Al 36362

PRINCIPAL INVESTIGA TOR (Fumish SSAN 11U S A ademie [narituitony

RESPONSIBLE INDIVIDUAL NaME * Armstrong s R. N. s XIN . DAC
wawe. Knapp, $. €., COL, Cdr TeceemonE (9(35) 255-3211

receswone  (205) 2595-5107 SOCIAL SECURITY ACCOUNT MuMBES

31 GEmERAL USE ASSOCIATE INVESTIGATORS

Foreign Intelligence Considered wawe  Hiott, B. F,, TSCT

wawe  Ressler, J. B,, P, MC

maue® 1S Army Aeromedical Research lLaboratory [**“¢VS Army Acromedical Research laboratory

ifmmmm'
) 0x¥gen Supply Equipment: (U) Life Support; (U) Str
Physiology: (1) Aircraft; () Toxicology :

13 TECHMICAL OBIECTIVE.® 14 APPROACK. 28 PROGRESS (Pumish Individuat peragrapha tdenitited by number Preceds test of sach wifh Securthy Classilicetan Code

23. () To identify, assess, and prevent unnecessarv health hazards associated with th
tlight environment and to obtain a biomedical data hase on the human function associated
with the use of aircraft oxygen enrichment breathing systems in the flight environment.
To provide the Army data, information, recommendations and criteria to aid in the devel-
opment and deplovment of life support svstems to alleviate identified health hazards,

24. (1) The approach will consist of a biomedical evaluiation of state-ol =the-art oxvge
enrichment breathing systems during aircraft ground and flight conditions. ‘The evaluati
will include the sampling of the environmmental air input to the svstem as well as

the system output enriched air. The samples will he analyzed to determine the systems'
ability to effectively filter contaminates known to exist in the operational environ-
ment.  Physiological data, heart rate, oxygen tension and respiratory functions as well
as system parameters, oxygen concentration, flow rates, temperatures and pressures will
be collected during ground operations and aircraft flight at altitude to assess the
ability of the system to provide aviators the required oxypen concentration and purits
turing varions tlight profiles, The data collected will be cvaluated with respect to
viomedical, satety, and man/machine limitations.

PS5, (U')  7810-7909. Two state-of ~the-art molecular sicve oxvpen pencrating svstoems,
pssoctated transducers, and physiological measurement svstems have been acquired.  Pro-
iminary aircraft (U-21 and UH-1) bleed air environmental and gas analvsis assessments
1ave been conducted.  Static and in-flight environmental data collection svstems have
een designed and initial tests conducted. Calibration and validation of the artorial
Elnnd oxvhemoglobin saturation assessment svstem have been conducted atilizing canine

nhiocta . ATEirnde chamber static and tlight tests are scheduled to bepin the tirs
kivartor of FY KO, Sl g,
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23, (U} To determine biomedical tolerance stimdards tor imthitary environments and

requirements and to eelate these standards 1o arrcrew selection and retenton medical

criteria,

24, (U The approach will mclude acceptod medical, physiological, nevrophysiolovicad,

and audiolog:cal quantitatice technigues, u=ing both human volunteers and e ol models

where appropriate,

2o, (U TRI0 7909, During this past year. A neurophysiclopy laboratory and a respura
tory physiology luboratory have heen established and stafted. The tollowimp rescarch proto
cols have been sabmitted and are at differing stages of active mmvestigation: Carduopul
monary Physiology i Army Aviators, Acquisition of Spea boInscrimenation foeoting
Materials for Aviators, and Aftenuanon Variation Obnoned woith Tranong e Ut s
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IT. VITLE (rracede wim securiy Ciesuttication cotm® (U ) Hcalth Hazard Assessment and Implications ol Whole - Body
Vibration Associated with Advanced Combat Vehicle Technologies
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012900 Physiology: 008800 Life Support
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mame* 'S Army Aecromedical Rescarch Lab vawet US Army Acromedical Research Lub

: ‘ie search & Biomedic: ica-

[\concws Fort Rucker, AL 36362 Ammm_l icld Research & Biomedical Applica

tions Division
Fort Rucker, AL 36362

PRINCIPAL INVESTIGATOR (Pumish SSAN (TU 5 Academic neritution)

RESPONSIBL & INDIVIDUAL wawe® JOHNSON, J. C.. CPT, MSC
wwe KNAPP, S, C., COL, Cdr recesmone (2()5) 2565 3211
raceenone:  (205) 255-5107 SOCIAL JECURITY ACCOUNT NUNBER

P cEnEmAL UsE AssociavE invEsTIGATORS

wawe  BEHAR. 1., Ph.D.. BURDICK. C., CPT
Foreign Intelligence Considered wame  MOZO, B. T., DAC

xEveoRoe ACH SI8 forslly claseficsione® (U) Vibration: (1) Noise: (U') Vestibular: (I") Bioengineer-
ing: (') Acuity: (U) Stress: (U) Biodynamies: (1') Simulation

8. TECHNIC AL amiecrive.® 28 APPRQACH, 28 PROGRENS (Pumish individual parsgrophs idontilisd by number Procese 1535 o5 sath widh Jetwrily Clnesilicarian Code |

23. (U') To assess the effect of whole-body . low frequency vibration and noise peculiar to
advanced combat vehicles on the human visual. vestibular, hearing ., and musculoskeletal
systems. Correlate these effects in relations to their relative hazards to acute or chronic in-
jury potential and influence on crew performance. comfort, and cfficiency. Dovelop health
criteria recommendations for vehicle and subsystem design and operation.

24. (') The approach will be multidisciplinary in nature. Dynamic characteristies of the
High Survivability Test Vehicle - Light (HSTV L) semisupine seat will be determined by
Fourier transform techniques using instrumented human subjects on the USAARL multiaxis
vibration table. Stress and fatigue reactions including neck musele stress and fatigue asso
ciated with operation of video displays, target acquisition system, and head coupled vibration
will be assessed by standard biochemical and psychophysiologic as well as specialized elee
tromyographic techniques. Dynamic visual acuity and cye fatigue will be studied under

multiple conditions of target display, head and eye movement., and frequency phase controlied
vibration. contrast, and luminance.

25. (1) 7904 7909. Instrumentation for the determination of human response to vibration is
being acquired, installed. and ealibrated. The vibration data acquisition system will provide
information that can be used to validate or expand the seope of human vibration models devel
oped for other seating arrangements . Specifications for a computer driven device for dynamic
visual acuity measurement using a video display have heen written. Coordination of dota
processing has been initiated with the USAARL computer facility . A two chunnel audiometer
has been ordered to monitor vibration induced hearing threshold offects which may appear.
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23. () To perform applicd medical research on the biomedical and biobehavioral aspects
of advanced combat tactics, cquipment systems and military operations.  To investigate and
determine the psychological, biophysical and physiological parameters aftecting the aviator
in target detection and engapement during hehicopter ar-to-air combat operations.  To
assess aviator workload and porformance i the utihzation of integrated ilhght displays tor
advanced development aireraft systems and conceptual display advances for aviator nipht
vision goggles.

24. (1) The approach will involve the collechon of psychological and physiological data
in the identification and assessment of pilot performance and stress variables durimg air
to-air combat mancuvers conducted durmng the Army and Air Force Tactics Development
and Evaluation of Joint-Countering Attack Helicopter (-CATCH) operations. It wall
involve the conduct of experiments in an instrumented helicopter rescarch flight simu
lator to determine the effectiveness and anticipated changes to pilot work 1”“5 in the
utilization of integrated tlight displays. It will also mclude the conduct of in {)ight
experimentation to determine the visual and biomedical imphications ot adding thght dis
Play information to night vision goggles., :

25, (1) 7810 7909. A joint USAARL and Aviation Board presentation on helicopter pilot
Visual detection problems i terraim flight aiv-1o-mr combat was made to the National
Rescarch Counail committee on vision. A concept evaluation project (CE) was conducted to
flotermine the military potential and operational effectiveness of displaying helic opler
plhigital instrumentation data into AN/PVS-5 night vision roggles for use by pilats i flight .

rue to departure ol key personnetl and lack of necessary funding to perpetuate this rescarch
ftort, this work unit s terminated .
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To provide medically 1mportant information about the biomedical, ergonomlc,
and human factors associated with man-machine system design throughout various phases
of the materiel acquisition cycle of Army aviation and ground vehicle equipment. To
perform appropriate medical RDT&E tasks in support of DARCOM equipment developers, pro-
gram managers, TRADOC systems managers, Army test and concept evaluation agencies and
boards, and the materiel systems user community.

24, (U) The approach is to provide technical research inputs in the application of
medical, ergonomic and biocengineering science data to equipment development programs.
This includes providing medical input to conceptual development planning boards, collect
ing limited man-machine system performance data in support of operational and develop-
mental test (OT and DT) programs and providing consultative and evaluative support to
PM's, TSM's, the TRADOC Concept Evaluation Program and the Tri-Service group on Helicop-
ter Medicine, Human Resources, and Human Factors Research Panel.

25. (U) 7810 ~ 7909. The following human factors efforts were completed and submitted
as laboratory letter reports in FY 5 Bio-Optic and human factors evaluation of the
OH-58C helicopter with improved flat plate canopy; (2) an evaluation of the lighting

of the tactical air traffic control tower (TSW-7) for blackout and night vision goggles
compatibility; (3) operational evaluation of cattlehide leather/nomex flyers gloves;

(4) human factors evaluation of the AH-1 Cobra attack helicopter synthetic flight train-
ing system device 2B33; and (5) human factors in aviation safety--psychology, medicine
and engineering. Due to a realignment of laboratory personnel within the division, this
work unit will be terminated. Future work of this nature will be carried under work uni
005 and 014 --DA 0G 0162 and DA 0G 0165,
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23. (U) To evaluate the visual response mechansims that may influence the probability
of visual acquisition of dynamic targets. Also, to be able to predict the sensitivity
of the visual system in various parts of the visual field from a knowledge of the
preceding adaptational regimen. These objectives have wide applicability in nearly

all real-world military operations.

24. (U) Studies of visual target acquisition over a wide range of target velocities
will be conducted to provide normative data on visual performance capability., The in-
fluence on performance limits of retinal factors (e.g., adaptational state) and extra-
retinal factors (e.g., target parameters, oculomotor and organismic characteristics)
will be assessed. Also, "real-world" adaptional environments will be simulated in the
laboratory with respect to both the spatial and temporal distribution of the adapting
illumination. The effect of these various adaptational regimens upon the sensitivity
and temporal response of the visual system will be studied.

25. (U) 7810-7909 The luminance threshold for Landolt ring resolution in dark adapted
observers was determined for targets presented tachistoscopically and dynamically at
velocities from 1095~! to 879s™1. The dynamic luminance thresholds are elevated relative
to the tachistoscopic conditions as target velocity increases and as target subtense
ecreases. The dark adaptation portion of this project evaluated the adaptational
ffects of red versus white lighting at low luminance levels., For retinal arcas direct 1y
timulated by adapting lights, red lighting was found to be superiar even down to 001
L. This project is discontinued. Research initiated on this project is continucd on
498 "Research of Visual Pfohlems Medically Significant to the Armv," DA OB 6951,
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Appendix B I

Publications and Presentations in FY 79

Publications

Armstrong, Richard N, [and others}. 1978, Oculomotor performance of
aviators during an autorotation maneuver in a helicopter simulator. In:
Knapp, S. C., ed. Operational helicopter aviation medicine. London:
Technical Editing and Reproduction, Ltd. p. 38-1--38-14. AGARD-CP-255.

Bailey, Robert W., and Glick, David D. 1978. Visual pockets--a design
parameter for helicopter instrument panels. In: Knapp, S. C., ed.
Operational helicopter aviation medicine, London: Technical Editing
and Reproduction, Ltd, p. 41-1--41-4, AGARD-CP-255.

Behar, Isaac. 1978. Training requirements for helicopter operation
with night vision goggles. In: Knapp, S. C., ed. Operational
helicopter aviation medicine. London: Technical Editing and
Reproduction, Ltd. p. 50-1--50-4. AGARD-CP-255.

Camp, Robert T., Jr. 1979, Hearing protectors. In: Cantrell,
Robert W., ed. Noise--its effects and controls; The Otolaryngologic
Clinics of North America. Philadelphia: W, B. Saunder Company.
12(3):569-583,

Camp, Robert T., Jr., and Mozo, Ben T. 1978, The effective acoustic
environment of helicopter crewmen. In: Knapp, S. C., ed.
Operational helicopter aviation medicine. London: Technical
Editing and Reproduction, Ltd. p. 45-1--45-2, AGARD-CP-255,

Chiou, Wun C. 1978, Operational consideration of AN/PVS-5 night vision
goggles for helicopter night flight. In: Knapp, S. C., ed.
Operational helicopter aviation medicine. London: Technical
Editing and Reproduction, Ltd., p. 49~1--50-4, AGARD-CP-255.

Knapp, Stanley C., Allemond, Pierre, and Karney, D. H. 1978, Helicopter
crashworhty fuel systems and their effectiveness in preventing thermal
injury. In: Knapp, S. C., ed. Operational helicopter aviation
medicine. London: Technical Editing and Reproduction, Ltd.

p. 61-1--61-7. AGARD-CP-255.
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Krueger, Gerald P., and Chapanis, Alphonse., 1979, Conferencing and
Tele-conferencing in three communication modes as a function of the
number of conferees. Accepted July 1979 for publication in
Jourmali of Frgonc cs.

Krueger, Gerald P., and Jones, Yvonna, F. 1978, US Army aviation
Patxgue -related accidents. In: Knapp, S. C., ed, lyera:iocnal
hellaoyter auiaiion medlsine.  london: Technical Editing and
Reproduction, Ltd. p. 20-1--20-11. AGARD-CP-255,

Lees, Michael A, [and others]. 1978. <Changes in the rotary wing
aviator's ability to perform an uncormon low attitude rearward hover

manuever as a function of extended f11ght requlrements and avxator fatigue.

In: Knapp, $. C., ed. ‘ror:’ o’ Sellecor avlation mediodne,
London: Technical Editing and Peproduction, Ltd. p. 22-1--22-14,
AGARD-CP-255,

Pollard, Gary D., and Hirsch, Doris W, 1978. In-flight toxicologv of

fixed and rotary wing axrcraft crew stations. In: Knapp, S. C., ed.
e tTereen apfar i w0 705, London:  Technical Editing
and Reproduction, Ltd. p. 18-1--18-7. AGARD~(CP-255.

Torar o]

Sanders, Michael . [and others). 1978. An evaluation of the effects
of a stability augmentation system upon aviator performance/workload
during a medevac high hover operation. In: Knapp, S. C., ed.

‘perqtional nelicoprer awlatiow wed/>"u. London: Technical Editing
and Reproduction, Ltd. p. 7-1--7-9. AGARD-CP-255,

Simmons, Ronald R. 1979. Methodological considerations of visual
workload of helicopter pilots. FHuwun Fueteore Jowmial,  21(3):353-367.

Simmons, Ronald R., lLees, Michael A., and Kimball, Kent A. 1978,
Aviator visual performance: a comparative study of a helicopter simulator
and the UH- 1H helicopter In: Knapp, S. C., ed. lrerational heliogrier
avaiion meddefyy . London:  Technical Editing and Reproduction, Ltd.
p. 52-1~-52-13. AGARD-CP-255.

Simmons, Ronald R., Lees, Michael A., and Kimhall, Kent A. 1978,
Visual performance/worklodad of helicopter pilots during 1nstrumvnt
flight. 1In: Knapp, S. C., ed. et ional e llTeer b gvar Do
= {fa'ne. London: Technical Editing and Reproduction, Ltd.

p. 40-1--40-17. AGARD-CP-255.

Singley, George T., IIl, and Haley, Joseph L. 1979. The use of
mathematical modeling in craqhworthv ho]\copter seating systems.,
In: wvon Glerke Ing K. E., ed,
R B T L T S R LI UUC IR RES Ay ST TS I SR U A
London: 1echn1cal Pdltxng and Reproduction, Ltd. A22-1--A22-2

AGARD-CP-253.
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Slobodnik, Bruce A, 1979. Correlation of head injury with mechanical
forces based on helmet damage duplication. In: von Gierke, Ing. H.E.,
ed. Models and analogues for the evaluation of human biodynamics
responge, performance and protection. London: Technical Editing and
Reproduction, Ltd. A19-1--A19~12. AGARD-CP-253,

Slobodnik, Bruce A. 1979. SPH-4 helmet damage and head injury correlation.
Aviation, Space, and Environmental Medieine. 50(2):139-146.

Stone, Lewis W. ({and others]. 1978, Night vision goggles and in-flight
evaluation of the inside/outside refocusing problems in UH-1H
helicopters. In: Baise, E. J. and Miller, J. M., ed. Proceedings of
the Human Factors Society 22d Annual Meeting, 1978 October 16-19,
Santa Monica, California: Human Factors Society. p. 230-234.

Verona, Robert W. 1978. Head alming/tracking accuracy in a helicopter
enviromment. In: Knapp, S. C., ed. Operational helicopter aviation
mediceine. London: Technical Editing and Reproduction, Ltd.

p. 51-1~-51-18, AGARD-CP-255.

Verona, Robert W. 1979. The direct image of CRT image quality.
In; Beiser, Leo, ed. Proceedings of the Society of Photo-
Optical Ingtruwmentation Engineers. Washington: Bellingham.

Whitehurst, Lawrence R. 1979. Common problems in the medical
care of pilots. American Family Physician. 20(3):133-138.

Laboratory Technical Reports

Burdick, Charles K. [and others]. 1979. High frequency hearing loss
incurred by exposure to low-frequency noise. Fort Rucker, Alabame:
U.S. Army Aeromedical Research Laboratory. USAARL 79-3.

Burdick, Charles K. [and others]. 1979. Threshold pressuree in
ehinchillas exposed to octave bands of noise centered 63 and 1000 Hz
for three days. Fort Rucker, Alabama: U.S. Army Aeromedical Research
Laboratory. USAARL 79-6.

Goldstein, Jerod [and others]. 1979. Real-ear sound attenuation measure-
ments of selected sound protectors identified in the DAF qualified
products liet. Fort Rucker, Alabama: U.S. Army Aeromedical Research
Laboratory. USAARL 79-10.

Johnson, Russell L., Gee, T. E., and Pettyjohn, F. S§. 1979. Normal blood
chemigtry values for laboratory animale analyzed by the sequential
multiple channel analyzer computer (SMAC-20). Fort Rucker, Alabama:
U.S. Army Aeromedical Research Laboratory. USAARL 79-7.
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Knox, Francis S. [and others]. 1979. A fire simulator/shutter system
for testing protective fabriecs and calibrating thermal gensors.
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.
USAARL 79-4,

Knox, Francis S., Wachtel, T. L., and Knepp, S. C. 1979. How to measure
the burn-preventive capability of non-flammable textiles: a comparison
of the USAARL poreine bioassay technique with mathematical models.

Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.
USAARL 79-5.

Krueger, Gerald P., and Jones, Yvonna F. 1979, U.S., Army aviation
fatigue-related aceidents, 1971-1977. Fort Rucker, Alabama: U.S.
Army Aeromedical Research Laboratory. USAARL 79-1.

Lees, Michael A. [and others]. 1979. In-flight performance evaluation
of experimental information displays. Fort Rucker, Alabama: U.S. Army
Aeromedical Research Laboratory. USAARL 79-8.

Lees, Michael A. [and others]. 1979. The measurement of man-helicopter
performance as a function of extended flight requirements and aviator
fatigue. Fort Rucker, Alabama: U.S. Army Aeromedical Research
Laboratory. USAARL 79-12.

Patterson, James H., and Mozo, Ben T. 1978. Blast overpressures produced
by prototype XM 188, 155 rm towed howitzer. Fort Rucker, Alabama:
U.S. Army Aeromedical Research Laboratory. USAARL 79-2.

Patterson, James H. [and others]. 1979. Medical evaluation of sound
attenuation and electroacousticg characteriatice of a NATO (COSMOCORD)
peak limiting ear protector. Fort Rucker, Alabama: U,S, Army
Aeromedical Research Laboratory. USAARL 79~13.

Stone, Lewis W. (and others]l. 1979. Bifocal night vision goggle.
Fort Rucker, ‘Alabama. U.S. Army Aeromedical Research Laboratory.
USAARL 79-11.

Verona, Robert W. 1979. Direct measure of CRT image quality. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory, USAARL 79-14,

Verona, Robert W,, and Johnson, John C., and Jones, Heber D. 1979.
Head aiming/tracking accuracy in a helicopter enviromment, Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL 79-9,
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Laboratory Letter Reports .
Behar, Isaac, and Holly, Franklin F. 1979, Bifo-optical evaluation of ‘1
UH-1H armor windshield. Fort Rucker, Alabama: U.S. Army Aeromedical i
Research Laboratory. USAARL-LR-79-7-2-2. >a

Bilsom Propp-0-Plast, a disposable hearing protective device.

Goldstein, Jerod 1979. Real ear sound attenuation measurementg on {
|
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.

USAARL-LR-79-10-2-4.

i A
Kessler, Jeffrey B. 1979. Preliminary evaluation of the Hewlett-Packard
ear oximeter in Army aircraft. Fort Rucker, Alabama: U.S. Army :
Aeromedical Research Laboratory. USAARL-LR-79-4-2-1, 13
Knox, Francis S. 1979, VIPER exhauet burn hazard. Feort Rucker, Alabama: ! 4
U.S. Army Aeromedical Research Laboratory. USAARL~79-9-1-1, “
Krueger, Gerald P., Holly, Franklin F., and Cisco, Ronald R. 1979, ij
An evaluation of the lighting of the tactical air traffie control tower 1
(TSW-?) for blackout and night vision goggle compatibility. Fort Rucker, .
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL-LR-79-2-3-2, i

Krueger, Gerald P. [and others]. 1979. Bio-optical and human factors
evaluation of the OH-S8C helicopter with the improved flat plate canopy.
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.
USAARL-LR-79-3-3-3,

Krueger, Gerald P. 1979. Human factors in aviation safety-psychology,
medicine, and engineering. TFort Rucker, Alabama: U.S. Army Aeromedical
Research Laboratory. USAARL-LR-79-13-3-6.

Krueger, Gerald P. [and others]). 1979. FHuman factors evaluation of the
AH-1 Cobra helicopter synthetic flight training system, device 2B33.
Fort Rucker, Alabama: U.S. Army Aeromedf{cal Research Laboratory.
USAARL-LR-79-12-3-5.

Krueger, Gerald P., Stroud, Jonathan P., and Johnson, Gerald L. 1979.
Operational evaluation of cattlehide leather/nomex flyers gloves.
Fort Rucker, Alabama: U.S. Army Aeromedical Research Laboratory.
USAARL-LR-79-6-3~4,

Mozo, Ben T. 1979. Acoustic evaluation of the AN/APR-39 radar warming
detector. Fort Rucker, Alabama: U.S. Army Aeromedical Research

Laboratory. USAARL-LR-79-8-2-3. /]

1

Mozo, Ben T., and Marrow, Ronny H. 1979. Characteristics of headsets
ugsed with DRIMS syetems. Fort Rucker, Alabama: U.S. Army Aeromedical
Research Laboratory. USAARL-LR-79-11-2-5.

Pollard, Gary D., Stroud, Johnathan P., and Hargroove, Timonthy, 1979,

Evaluation of toxic gases in the cockpit of the OH-58C. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory, USAARL-LR~79-5-5-1,
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Simmons, Ronald R., Melton, Michael W., and Kimball, Kent A. 1979,
Visual performance criteria to define specification requirements for
the U.5. Army Research and Technology Laboratories (ISARTL) helicopter
simulator (helicopter flight imagery) eye and head movements. Fort Rucker,
Alabama: U.S. Army Aeromedical Research Laboratory. USAARL-LR-79-1-3-1.

Presentations,

Armstrong, Richard N. 1978. Hwnan factors standards impact on
equipment design. Presented at the Human Factors Society
Annual Meeting, 16-19 Oct 1978, Detroit, Michigan.

Behar, Isaac. 1978, Perceived veloeity of pursued targets.
Presented at the Psychonomic Society Meeting, 9-11 Nov 1978,
San Antonlo, Texas.

Burdick, Charles K. 1978. Invited paper. Ihreshold shifts
and cochlear damge in chinchillas exposed to low wid/or
high frequency noise. Presented at the annual meeting of
the National Academy of Sciences-National Research Council,
Assembly of Behavorial and Social Sciences, Committee on
Hearing, Bioacoustics, and Biomechanics (CHABA), 18-19 Oct 1978,
Omaha, Nebraska.

Burdick, Charles K. and Knapp, Stanley C. 1979, The effect
of impulse and low-~frequency noise on hearing conservation.
Presented at the Operational Aeromedical Problems Course,
14-26 Jan 1979, US Army Academy of Health Sciences, Fort Sam
Houston, Texas.

Burdick, Charles K. 1979. Abstract. Threshold shifts in
ehinehillas exposed to low and high frequency noisc u
combination. Presented at the Acoustical Soclety of
America, 12-16 June 1979, Cambridge, Massachusetts.

Camp, Robert T., Jr., 1979. The effective acoustic environwmmnt oF
helicopter orewrmen. Presented at the Symposium on Internal
Noise in Helicopters, 17-20 Jul 1979, Southampton, England.

Laboratory viaion research prograr.  Presented to the
National Research Council,--Committee on Vision, 8-11 Apr 1979,

Crosley, John K. 1979. The I'7 Ay Aeromed!cal hesearoh ‘
Washington, DC. |

Haley, Joseph L. 1978. The use of matheratiocal medeling 'n H
eraghvorthy helicopter seating susters, Presented at AGARD, n
6-10 Nov 78, Paris, France.
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Holly, Franklin F. 1979. Psychophyeical considerations in
display design. Presented at the Tri-Service Panel on
Night Vision Technology, 15-18 Jan 1979, San blego, California.

Johnson, Gerald L. 1979. C£FH-4 helmets and life support equirmont
retrieval program. Preserred to the Fifth Army Aviation Life
Support Equipment Workshop, 9-14 Sep 1979, St. Louis, Missouri.

Johnson, Gerald L. 1979. Life swport equipment retricval prograr.
Presented to the Tri-Service Safety Conference, USASC, 5 Sep 1979,
Fort Rucker, Alabama.

Johnson, Gerald L. 1979. C(are, wearing, -l maintenance of i/
support equipmert. Presented to the Helicopter Foreman at
US Department of Agriculture Forestry Service, 7-11 May 1979,
Fresno, California,

Krueger, Gerald P. 1979. jHuwnw: | Y in avlarion safe -
psychology, medicine, and engive . Presented to the
18th Joint Services Aviation Safety Conference, 29 Aug 1979,
USASC, Fort Rucker, Alabama.

vty

Krueger, Gerald L. 1979. !edioul acpents of *a0 ooeip
environment. Presented to the Flight Surgeons Class,
23 Aug 1979, Fort Rucker, Alabama.

Slobodnik, Bruce A., and Knapp, Stanlev ¢. 1978, ‘rasi i1 ury
head correlation. Presented to the 158th Joint Medical
Research Conference, 17-~19 Oct 1478, Bolling AFB, Washington,

DC.

Slobodnik, Bruce A., and Knapp, Stanley C. 1979,  ‘wproloricsr of
head injury to damaged helmets, Prescoted at the Operational
Aeromedical Problems Course, 14-26 Jan 1979, US Army Academy
of Health Sciences, Fert Sam Houston, Texas.
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Greer, June. 1979. Editorial guide. Fort Rucker, Alabama: U.S. Army
Aeromedical Research Laboratory.

Greer, June. 1979. USAARL is.... (Video Tape). Fort Rucker, Alabama:
U.S. Army Aviation Center, ETV Branch. TRADOC No. -SL-011-0785-B.
12:29 minutes.

Johnson, Gerald L., and Knapp, Stanley C. 1978. SPH-4 helmet: individual
fitting, wear, and maintenance. (Video Tape). Fort Rucker, Alabama:

U.S. Army Aviation Center, ETV Branch. TRADOC No. -2C-011-0752-B.
21:19 minutes.
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Appendix C

Laboratory Personnel Serving on Technical and Scientific Committees

Committes Affiliation Individual
AEROSPACE MEDICAL ASSOCIATION b
h
Scienttfic Program Committee Member COL S. C. Knapp
Member Dr. K. A. Kimball
AMERICAN NATIONAL STANDARDS INSTITUTE .
290.1 Helmet Committee Member COL S. C. Knapp
290.1 Helmet Subcommittee on Helmet
Durability Chairman COL S. C, Knapp
280.1 Ophthalmic Lens Committee Member LTC J. K. Crosley
AIR STANDARDIZATION COORDINATING COMMITTEE
(INTERNATIONAL)
Working Party 61 Member LTC D. D. Glick
Member LTC J. K. Crosley
DEPARTMENT OF DEFENSE
Aircrew Station Standardization Panel Member LTC J. K. Crosley
(Tri-Service) Member CPT F. F. Holly
Group on Specification Problems and
Standardization Actions on Audio Devices Member Mr. R. T. Camp, Jr.
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Committes Affiliation Individual
Helicopter Research Coordinating Panel Member Dr. K. A, Kimball
(Tri-Service) Member COL S. C. Knapp
Joint Services Panel on the Field of
Night Vision Technology Member CPT R. Verona
Tri-Service Aeromedical Research Chairman COL S. C. Knapp
Panel (TARP) Member LTC J. K. Croslev
Tri-Service Aerospace Medical Coordina-
tion Technical Working Group Member Mr., J. L. Haley, Jr.
Human Factors Engineering Technical
Advisory Group (Tri-Service) Member Dr. K. A. Kimball

DEPARTMENT OF THE ARMY

Aircraft Noise, Working Group
(MIL-STD-8806) Member Mr. R. T. Camp, Jr.
Army Aviation Personnel Requirements
for Sustained Operations, Sustained
Advisory Group Member Dr. K. A, Kimball
Biomedical Engineering Consultant to

the Surgeon

General COL S. C. Knapp
Helicopter Medical Human Factors
Engineering and Training/Selection
Research Coordination Panel Member Dr. K. A, Kimball
Improved Lighting Systems for Army
Alrcraft Member CPT F. F. Holly
Noise Limits for Army Materiel,
Working Group (MIL-STD-1474A) Member Mr. R. T. Camp, Jr.
Pilot Night Vision System Technical
Team Member CPT R. Verona

FEDERAL AVIATION ADMINISTRATION

Seat Committee Member COL S. C. Knapp




Committee Affiliation Individual

NATIONAL ACADEMY OF SCIENCES/ i

National Research Council }
Committee on Vision Member LTC D. D. Glick

Committee on Vision Member LTC J. K. Crosley 4
Committee on Vision Member MAJ R. W. Wiley 3
Committee on Vision Member Dr. I. Behar

Committee on Hearing and Bioacoustics Member Mr. R. T. Camp, Jr.

NORTH ATLANTIC TREATY ORGANIZATION
Advisory Group for Aerospace R&D

RN RN

Aerospace Medical Panel U.S. Army v

Representative COL S. C. Knapp 3

Biodynamics Panel Member COL S. C. Knapp 5

Behavorial Sciences Committee, AMP Member Dr. K. A. Kimball ‘

Evaluation of Methods to Assess Warkload,

AMP Working Group 08 Member Dr. K. A. Kimball
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Distribution

Defense Documentation Center
Alexandria, VA 22314 (12)

Director of Defense Research and
Engineering

ATTN: Assistant Director
(Environmental and Life Sciences)

Washington, DC 20301 (1)

Uniform Services University of the
Health Sciences

4301 Jones Bridge Road

Bethesda, MD 20014 (1

Commander

US Army Medical Research and
Development Command

ATTN: SGRD-AJ (Mrs Madigan)

Fort Detrick

Frederick, MD 21701 (5)

Redstone Scientific Information
Center

DRDMI-TBD

US Army Missile R&D Command

Redstone Arsenal, AL 35809 (1)

US Army Yuma Proving Ground
Technical Library
Yuma, AZ 85364 (1)

US Army Aviation Engineering
Flight Activity

ATTN: DAVTE-M (Technical Library)

Edwards AFB, CA 93523 (1)

US Army Combat Developments
Experimentation Command

Technical Library

HO, USACDEC

Box 22

Fort Ord, CA 93941 (1)

Aeromechanics Laboratory
US Army Research & Technology Labs
Ames Research Center, M/S 215-1

Moffett Field, CA 94035 (1)
Sixth United States Army

ATTN: SMA

Presidio of San Francisco,
California 94129 (1)
Director

Army Audiology & Speech Center
Walter Reed Army Medical Center
Forest Glen Section, Bldg 156
Washington, DC 20012 1)

US Army Materiel Command

Harry Diamond Laboratories

Scientific & Technical Information
Offices

2800 Powder Mill Road

Adelphi, MD 20783 (1)

US Army Ordnance Center & School
Library, Bldg 3071

ATTN: ATSL-DOSL

Aberdeen Proving Ground, MD

21005 1)

US Army

Environmental Hygiene Agency
Library, Bldg E2100

Aberdeen Proving Ground, MD
21010 (1)

Technical Library
Chemical Systems Laboratory
Aberdeen Proving Ground, MD

21010 0




Director

Biomedical Laboratory

Aberdeen Proving Ground, MD

21010 (1)

HDQ, First United States Army
ATTN: AFKA-MD (Surgeon's 0ffice)
Fort George G. Meade, MD

20755 1)

Director
Ballistic Research Laboratory
ATTN: DRDAR-TSB-S (STINFO)
Aberdeen Proving Ground, MD
21005 (2)

US Army Research & Development
Technical Support Activity
Fort Monmouth, NJ 07703 (@)

CDR/DIR

US Army Combat Surveillance &
Target Acquisition Laboratory

ATTN: DELCS-D

Fort Monmouth, NJ 07703 (1)

US Army Avionics R&D Activity
ATTN: DAVAA-O
Fort Monmouth, NJ 07703 1)

US Army White Sands Missile Range
Technical Library Division

White Sands Missile Range

New Mexico 88002 (1)

Chief

Benet Weapons Laboratory

LCWSL, USA ARRADCOM

ATTN: DRDAR-LCB-TL

Watervliet Arsenal

Waterviiet, NY 12189 (1)

US Army Research & Technology Labs
Propulsion Laboratory MS 77-5

NASA Lewis Research Center
Cleveland, OH 44135 (D

Commander

US Army Troop Support & Aviation
Material Readiness Command

ATTN: DRSTS-W

St Louis, MO 63102 (1)

Commander

US Army Aviation R&D Command

ATTN: DRDAV-E

PO Box 209

st. Louis, MO 63166 (1)

US Army Materiel Systems Analysis
Agency

ATTN: Reports Distribution

Aberdeen Proving Ground, MD

21005 o))
US Army Field Artillery School
Library
Snow Hall, Room 16
Fort Sill, OK 73503 (1)
US Army

Dugway Proving Ground

Technical Library

Bldg 5330

Dugway, UT 84022 (1)

US Army Material Development &
Readiness Command

ATTN: DRCSG

5001 Eisenhower Avenue

Alexandria, VA 22333 (1)

US Army Foreign Science & Technology
Center

ATTN: DRXST-IS1

220 7th St., NE

Charlottesville, VA 22901 (1)

US Army Training & Doctrine Command
ATTN: ATCD
Fort Monroe, VA 23651 (2)

Commander

US Army Training & Doctrine Command
ATTN: Surgeon

Fort Monroe, VA 23651 (1)

US Army Research & Technology Labs
Structures Laboratory Library

NASA Langley Research Center

Mail Stop 266

Hampton, VA 23665 (¢

Commander

10th Medical Laboratory

ATTN: DEHE (Audiologist)

APO New York 09180 (1)

Commander

US Army Natick R&D Command

ATTN: Technical Librarian

Natick, MA 01760 n

US Air Force

Flight Test Center

Technical Library, Stop 238
Edwards AFB, CA 93523 (@9)
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Director

US Army Human Engineering
Laboratory

ATTN: Technical Library

Aberdeen Proving Ground, MD
21005 n

Commander

US Army Aviation Research &

E Development Command

ATTN: Library

PO Box 209

St. Louis, MO 63166 (@Y

Commander

US Army Health Services Command
ATTIN: Library

Fort Sam Houston, TX 78234 (1)

Commander

. US Army Academy of Health Sciences
ATTN: Library
Fort Sam Houston, TX 78234 n

Commander
US Army Airmobility Laboratory
ATTN: Library

Fort Eustis, VA 23604 (1)

Air University Library (AUL/LSE)

Maxwell AFB, AL 361l (1)

US Navy

Naval Submarine Medical Research
Lab

Medical Library, Naval Submarine
Base

Box 900

Groton, CT 06340 (1)

Director

Naval Biosciences Laboratory
Naval Supply Center, Bldg 844
Oakland, CA 94625 (D)

Naval Air Systems Command

Technical Library AIR 950D
Rm 278 Jefferson Plaza II

Department of the Navy

Washington, DC 20361 (1)
US Navy

Naval Research Laboratory

Code 1433

washington, DC 20375 (1)

US Air Force

Armament Development & Test Center
Technical Library
Eglin AFB, FL 32542 (1)

US Air Force Institute of
Technology (AFIT/LDE)

Bldg 640, Area B

Wright-Patterson AFB, OH 45433 (1)

US Air Force

Aerospace Medical Division

School of Aerospace Medicine
Aeromedical Library/TSK-4

Brooks AFB, TX 78235 (1)

Director of Professional Services
office of The Surgeon General
Department of the Air Force
Washington, DC 20314 (1)

Human Engineering Division
6570th Aerospace Medicine Research
Laboratory
ATTN: Technical Librarian
Wright-Patterson Air Force Base
OH 45433 (S)

US Navy

Naval Weapons Center

Technical Library Division

Code 2333

China Lake, CA 93555 (1)

US Navy

Naval Aerospace Medical Institute
Library

Bldg 1953, Code 012

Pensacola, FL 32508 (1)

€0, Naval Medical R&D Command
National Naval Medical Center
Bethesda, MD 20014 (1)

Commander

Naval Aeromedical Research
Laboratory Det.

PO Box 29407

Michoud Station

New Orleans, LA 70129 (1)

Federal Aviation Administration
Office of Aviation Medicine

Civil Aeromedical Institute

ATTN: Library

Oklahoma City, OK 73101 1)
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US Navy

Naval Air Development Center
Technical Information Division
Technical Support Department
Warminster, PA 18974 (C9)

Human Factors Engineering Division

Aircraft & Crew Systems Technology
Directorate

Naval Air Development Center

Warminster, PA 18974 (1)

US Navy

Naval Research Laboratory Library

Shock & Vibration Information
Center

Code 8404

Washington, DC' 20375 (@)

Dir of Biol & Med Sciences Div
Office of Naval Research

800 N. Quincy Street

Arlington, VA 22217 (1)

Fort Rucker Distribution

Commander
US Army Aviation Center and
Fort Rucker
ATTN: ATZQ-CDR
Bldg 114 (1)

Commander
US Army Aviation Center and
Fort Rucker
ATTN: ATZQ-ATL
Bldg 5907 (1)

Chief
US Army Research Institute Field
Unit

Bldg 501 (1)
Director

Directorate of Combat Developments
Bldg 507 (1)
Commander

US Army Aeromedical Center

Bldg 301 (3)

93

Department of Defence

R.A.N. Research Laboratory

P.O, Box 706

Darlinghurst, N.S.W. 2010
Australia (1)

DCIEM/S0AM

MAJ J. Soutendam (Ret.)

1133 Sheppard Avenue West

PO Box 2000

Downsview, Ontario M3M 3B( (1)

Canadian Society of Avn Med

¢/o Academy of Medicine, Toronto
ATTN: Ms Carmen King

288 Bloor Street West

Toronto, Ontario M5S IVs (1)

Staff Officer, Aerospace Medicine
RAF Staff

British Embassy

3100 Massacusetts Avenue, N.W.

Washington, DC 20008 (1)

Commander

US Army Agency for Aviation Safety

Bldg 4905 (1)

Director

Directorate of Training
Developments

Bldg 502 (1)

President

USA Aviation Board

Cairns AAF Bldg 501AB (1)

Commander

USA Aircraft Development Test
Activity

Cairns AAF Bldg 30601 (1)
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